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EXECUTIVE SUMMARY 

This Interim Veasues/Interim Remedial Action (IWIRA) Decision Document provides an expedited remedial 

action btrategv for the 902 Pad and Windblown Soils located in Operable L h t  2 iOU 2) at the Rocky Flats 

Environmental T chnologv Site (RFETS) formerlv the Rockv Flats Plant (RFP) in Jefferson Countv 

Colorado Thc C S Department of Energv (DOE) is requesting comment and approval from the public the 

C S Envuonmental Protection Agency (EPA) Region VI11 and the Colorado Department of Public Health and 

the Environment (CDPHE) formerly the Colorado Department of Health (CDH) Under the terms of the 

Interagency Agreement (IAG) dated January 22 199 1 both the EPA and CDPHE were designated as joint lead 

regulatorv agencies for OU 2 

The Individual Hazardous Substance Sites (IHSSs] of primary concern are the 903 Pad Drum Storage Site 

(IHSS 112) and the 903 Pad Lip Area (IHSS 155) The DOE also mends to address all surficial soils in O r  2 

in this IWIRA mcluding IHSS 183 the Gas Detovificauon Site IHSS 216 3 East Spray Field South and IHSS 

216 2 East Sprav Field Center The implementation of rhs IWR4 will be consistent with the final remedv 

for OL' 2 

Based on the previous Resource Conservauon and Recovery Act (RCRA) facility mvesugatiodremedial 

investigation (RFIRI) various IM/IRA alternatives have been identified and evaluated to 

Remediate the OU 2 sources of contammation to protect human health and the environment 

from unacceptable exposure to contmnants via inhalation and mgesuon pathways and to 

rmmmze the magmtude of rmgration pathways to surface water 

Provide surface soil remediation that will be consistent with the final correctwe action 

decision (CAD) and record of decision (ROD) for OU 2 

Remediation alternatives that were potentiallv applicable to OU 2 are identified and evaluated in this IM/IRA 

Decision Document These alternauves present a wide range of acuons and include 

No further acuon 

hsutuuonal controls 

ES 1 
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Capplng contammated matenals with an enhanced vegetative cover I 

Excavauon of all contaminated matenals for onsite disposal 1 

1 

Excavation of all contammated materials for ex situ treatment and return to excavated surface 

soil area 

Based on the results of the detaled analysis ot the IWRA alternauves the DOE recommends that 

contaminated surface soils beneath the 903 Pad Drum Storage Site and withrn a 3 1 acre area adjacent to the 

903 Pad be excavated and dispositioned in the onsite sitewide waste management facility These areas have 

concentrations of radionuclides above remediation goals Remediauon goals are soil concentrauons that 

would result in a 15 mllirem annual radiauon dose for the most applicable exposure scenano (see below) 

Radionuclides are the only consutuents exceeding remediation goals 
1 

Remediation Goals 

Radionuclide/Exporur~ Office-Worker Op.n-Spac. 

(PCJgram) ( P C @ r m  

Scenario Exposure Scenario Exposure Scenario 

Americium 241 142 1430 

Plutonium 239 1640 16100 

The e x a \  ation and disposal alternmve will elimmate potential exposure to contarmnated surface s o h  via 

direct contact ingestion and inhalauon due to the removal of the majonty of the contarmnauon source The 

proposed alternauve will be consistent with the final remedy for the OU 2 surface soils and is the most cost 

effecuve alternauve based on a present worth analysis The excavation and disposal alternative is also 

consistent with the DOE goal of centrally locaung contammated media in a controlled and momtored onsite 

sitewide waste management facility 

I 

ES 2 
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~ PART I 
DECLARATION 

I 1 PROBLEM DEFINITION OBJECTIVES AND PURPOSE 

This intcrim measures’interim remedial action (IWIRA) decision document was prepared to provide rn 

expedited wrnedial action strategy for the 903 Pad and Windblown Soils located in Operable Unit Yo 2 (OU 
’1 at the Rockv Flats Environmental Technolop Site (WETS) formerlv the Rockv Flats Plant (RFP) in 

Jefferson Countv Colorado These recommendations are presented as an IWIRA This decision document is 

submtted bv the U S Department of Energy (DOE) to request comment and approval from the public the U S 

Envtronmental Protecuon Agency (EPA) Region VI11 and the Colorado Department of Public Health and 

Envtronment (CDPHE) formerly the Colorado Department of Health (CDH) Under the terms of the 

Interagencv Agreement (IAG) dated Janum 22 1991 both the EPA and CDPHE were designated as joint lead 

regulatorv agencies for OU 2 

The DOE imtiated a corrective measures study/feasibihty study (CMSFS) for OU 2 in accordance with the 

IAG This effort included the development of corrective/remedial action objectives (C/RAOs) the screening 

ot process opuons and reme&al technologies and the development of remedial alternauves Dunng 

development of the CMSES the OU 2 subsurface source areas were d e t e m e d  to be candidates for 

accelerated acuons and have since been managed as separate acuons Remediauon of OU 2 groundwater 

contammation has been proposed to be conducted under a sitewide cleanup acuon as part of the sitewide 

assessmentlaccelerated acuon program 

In the spring of 1995 an unusually heavy ramfall occurred which contributed to the DOE now proposing that 

the 903 Pad and Windblown Soils (OU 1 and OU 2 surface soils) be remediated through an expedited IM/IR4 

program A 20 year ranfall event on May 17 1995 coupled with the surface soils being saturated with water 

resulted in sheet flow of surface water across the ground surface Total precipitauon in May was 2709 of the 

monthly average This overland flow resulted in soil erosion m areas surroundmg the 903 Pad and washed 

out a culvert in the 903 Pad Lip Area The surface water runoff contacted soils contaminated with plutonium 

39/240 (Pu 239/240) and amencium 241 (Am 241) and may have transported them down the hillside This 

was considered a agnlficant event because sampling data collected can be evaluated with respect to surface 

water runoff 

The DOE proposes this IM/IRA to remediate contammated surface soils that pose a nsk to human health and 
the environment The IAG requxes that an appropnate range of C/RAOs be estabhshed to screen and evaluate 
potenual remedial alternatives At a mmmum the C/RAOs are to be developed for the protection of human 

I 1  
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health and the envlronment These objectives should specify the contarmnants and media of interest exposure 
pathwavs and acceptable contammatlon levels or ranges of levels for each exposure route 

Technical Vemorandum Yo 2 (DOE 199%) for the OU 2 CCfS/FS identified the following C/RAOs for 

3urfacr: soil These CXAOs shall be applied to the 903 Pad and Windblown Soils IM/IRA I 

I 
Remediate contammated surface soil to nonzero chermcal specific applicable or relevant and 
appropriate requirements ( ARARs) or to be considered (TBCs) critena as appropriate 

In the absence of ARARs or TBCs remediate contammated surface soils so that they are within an 

acceptable nsk range (excess cancer nsk greater than IO4 to 10" or a hazard index of greater than 

one for noncarcmogens) considering the reasonable maximum exposure scenario 

The general programmahe ObjeCtiVeS of this IWIR.4 are to 

Elimnate or mnimize unacceptable alrborne dispersion of contarmnauon 

Elirmnate or mmirmze surface water runoff dispersion of contammatlon 

Elimnate biological transport of contammauon 
I 

Develop a corrective measure to repar any erosional damage that may have been caused by the 

Spnng 1995 precipitation event and to prevent future erosional damage as appropriate 
I 

Be consistent with the final remedy for OlJ 2 by meemg remediatlon goals 

Comply with ARARs and TBCs andor nsk based remediahon standards for surface soils 

Elirmnate or rmmmze the potential spread of contarmnants dunng construcuon 

Mimrmze the generauon of new waste requnng treatment storage andor disposal 

Propose a remedial altematlve that would be acceptable to the community and approved by the 

regulatory agencies 

Implement the accepted remedial altematlve within congressionally approved fiscal constramts 
I 

I 2  
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The primarv individual hazardous substance sites (IHSSsi of concern in this IM/IRA are the 903 Pad Drum 

Storage Site (IHSS 112) and the 902 Pad Lip Area (IHSS 155) The DOE also intends to address all wrficial 
soils previouslv in OU 2 in this IM/IR4 including (1) IHSS 183 the Gas Detoxification Site (2) IHSS '16 

East Sprav Field South and (3) IHSS 216 2 East Sprav Field Center 

Implementation of this IWIRA will be consistent with the final remedv for OU 2 The current plan for the 

remediation of all of the IHSSs previouslv within OU 2 is displayed in Table I 1 IHSSs exhibiting high risk 

will be remediated in an accelerated fashion Low risk IHSSs will be assessed in a sitewide program Those 

IHSSs listed under the sitewide assessmendaccelerated action program will be addressed under separate cover 

Part I of this IWIRA decision document defines the issues associated with the 903 Pad and Windblown Soils 

and summarizes the results of the Resource Conservauon and Recovery Act (RCRA) facilitv 

mvesugatiodremedial invesugauon (RFI/RI) and human health nsk assessment ("RA) Part I1 of this 

document presents the remedial alternatives that were considered the action specific ARARs and TBC 
implementauon strategy and design cnteria for the proposed alternative 

This proposed IWIRA will be submtted to the EPA Region VI11 and the CDPHE for review and comment 

The DOE will open a public comment period for a mmmum of 60 days In addition the DOE will hold a 

public hearing if requested by the public EPA or CDPHE 

At the conclusion of the public comment penod DOE will prepare a responsiveness summary for EPA and 

CDPHE review and approval The responsiveness summary will be provided as Part I11 of the final IM/IR-?\ 

decision document The I W  decision document will become the Record of Decision (ROD) for RFETS 

Implementation of the remedial action will commence upon EPA and CDPHE approval of the responsiveness 

summary and the final IWIRA decision document (contingent on funding avadability) As required by the 

14G DOE will make the €PA and CDPHE approved IM/IRA decision document avadable to all mterested 
parties at least 10 days pnor to the commencement of any remedial actions Remedial action is anticipated to 

begin in fiscal year (FY) 1997 

I3 
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Table I 1 
Current Plan for Remediation of OU 2 IHSSs 

I interim Sltewide 
Meas uresAnterim Assossm~nt/Accelerated 

IHSS Response Action Action Program 1 

903 Pad Drum Storage Site (1 12) X 
I 

903 Pad Lip Area (1 55) X 

East Spray Fields (216 2) X 

East Spray Field (216 3) X 

Gas Detoxification Site (183) X 

Mound SRe (113) 

Oil Bum Pit 2 Site (153) 

X 

X 

Pallet Bum Site (154) X 

Reactive Metal Destruction Site (140) 

Trench T 1 (108) 

Trench T 2 (109) 

Trench T 3 (1 10) 

Trench T 4 (111 1) 

Trench T 5 (1 1 1 2) 

Trench T 6 (1 11 3) 

Trench T 7 (1 11 4) 

Trench T 8 (1 11 5) 

Trench T 9 (1 1 1 6) 

Trench T 10 (111 7) 

X 

X 

X 

1 

Trench T 11 (111 8) X 

Trench T 12 X 

Trench T 13 X 

UHSU Groundwater X 

a Included in this IWIRA decision document 

I4 
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I 2 SITE OVERVIEW 

RFETS is a government owned contractor operated facilitv formerly used for the fabncation of special 

nuclear materials for national defense The 6 -50 acre site is located in northern Jefferson Countv Colorado 

approvimatelv 16 rmles northwest of Denver The cities of Boulder Broomfield Westminster Golden and 

Arvada are located less than 10 miles to the northwest northeast east south and southeast respectively 

Figure 12 1 presents the locauon of OC 2 at the RFETS and in relauon to the State of Colorado 

Centrallv situated within the RFETS boundary is a 300 acre security area that contams the buildings and other 

structures formerly used to support the weapon component fabncation operatlons The remaming 6 150 acres 

consist of undeveloped land used as a buffer zone to restrict access to the operations area Fabrication 

operauons began at the WETS in 1951 and ceased in 1991 when the WETS mission was changed to 

environmental restoration and waste management The fabrication operauons resulted in the generauon of 

liquid and solid wastes contaming radioactive and hazardous constituents managed in various waste 

processing units 

OL! 2 includes admmisuatively controlled areas east and southeast of the secunty area Contamed m OU 2 are 

multiple IHSSs including a former drum storage area matenal bum surface areas spray fields and disposal 

trenches Figure I2 2 shows a map of the IHSSs previously withln OU 2 Ths IM/IRA addresses the surface 

soils w i h n  this area and the associated IHSSs described earlier 

I 5  
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I 3 SURFACE SOIL INCLUDING NATURE AND EXTENT OF CONTAMINATION 

The tollowing secuons describe the nature and extent o f  the contamination associated with the 90' Pad and 

LVindblown Soils This lnformation is presented bv IHSS where applicable 

I 3  1 903 PAD DRUM STORAGE SITE (IHSS 112) 

The 903 Pad Drum Storage Site also referred to as the 903 Pad is located southeast o f  the RFETS Industrial 

k e a  (IA) Drums that contaned radioactively contmnated oils and solvents were stored at this site from the 

bummer o f  1958 to Januarv 1967 Drum storage at the 903 Pad occurred over most o f  the current pad area 

which was an open field Zlmmum storage of drums in the area was m April 1965 based on hstorical 

photographs A descnpuon bv Catluns (1970) of the drums that were stored at the drum storage site follows 

Most o f  the drums transferred to the field were nomnal55 gallon drums but a sigmficant 

number were 30 gallon drums that were not completely full Approximately three fourths o f  

the drums were plutonium contammated whle most o f  the balance contamed uramum 

isotopes Of  those contaming plutomum most were lathe coolant consisting o f  a straght 

cham hydrocarbon rmneral oil (Shell Vitrea) and carbon teuachlonde m varying proportions 

Other liquids were contained including hydraulic oils vacuum pump oil tnchloroethvlene 

perchloroethylene silicone oils and acetone still bottoms Originally contents of the drums 

were mdicated on the outside but these marlungs became illegible through weathermg and no 

other records were kept o f  the contents Oil leakage was recogmzed and in 1959 (or possibly 

earlier) ethanolamme was added to the oil to reduce the corrosion rate of the steel drums 

Drum leakage was noted at the 903 Pad Drum Storage Site as early as 1959 Iniual corrective acuon consisted 

of transferring the contents o f  leakmg drums to new drums and installing a fence around the area to restnct 

access approximately 420 drums showed evidence o f  leakage and of  these an estlmated 50 leaked their entire 

contents @ow Chemcal 197 1) An esumated 5 000 gallons o f  liquid (Freiberg 1970) contaumng 86 grams 

(g) o f  plutonium (5 3 C u e s  [Ci]) leaked into the soil @ow Chemcal 1971) 

A heavy ramstorm 111 August 1967 caused contarmnants to rmgrate into a ditch south and southeast ot the 

drum storage site (Dow Chermcal 1971) D u n g  an mvesugation conducted by the Atormc Energy 

Comrmssion (AEC) Health and Safety Laboratory (HASL) it was esumated that as much as 125 g (total) o f  i 
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Pu 2'9 (7 7 Ci) were released from the 903 Pad Drum Storage Site and redismbuted by winds (Krev and 

H -dv 1970) 

During radi-,logical monitoring of the 907 Pad in 1971 tour hot spots were identified This led to the 

remo\ al of 7 1 krlooramb I ko) of depleted uranium and up to 10 3 milligrams (mg) of plutonium from beneath 

the asphalt cover During sampling activiues associated with this removal action an oil laver contaminated 

with depleted uranium was discovered in two separate boreholes at depths of 35 7 and 76 2 centimeters Icm) 

(18 inches and 30 inches) A clay layer was noted beneath the contammated zone At that time no 

contmnation was found below the clay layer and it was believed that the clay layer served as a natural 

barrier to downward rmgrauon of contarmnants However the draft OU 2 RFVRI idenufied radiological 

contammation at decreasing concentrations from 0 6 to 6 meters (2 to 20 feet) below ground surface ibgs) 

The presence of organics in this layer is unknown but organics are not currently believed to be present 

I 3 2 903 PAD LIP AREA (IHSS 155) 

During drum storage removal and cleanup acttviues associated with the 903 Pad Drum Storage Site wind and 

ram redistributed plutonium beyond the 903 Pad Contammation was primmly to the south and east 

extending to the southeast penmeter road An estimated 16 g of Pu 2391240 were redistributed beyond the 

asphalt pad m an area exceeding 2 000 acres The most contarmnated area called the 903 Pad Lip Area was 

located immediatelv adjacent to the 903 Pad to the south and southeast as shown in Figure 1 2 2 

Contaminated soil identified in the past through radiological monitonng has been excavated from the 903 

Pad Lip Area In 1977 an aenal radiological survey detected radioactive concentrations in the 903 Pad Lip 

Area that were greater than 2 OOO counts per rmnute (cpm) In 1975 eight 55 gallon drums of soil were 

removed from the 903 Pad Lip Area as a pilot scale test for samplmg techques The detals of this test are 

unknown Ambient illr momtonng durmg excavation did not detect plutonium m concentrations that would 

endanger onsite workers the public or the environment 

In 19-'6 approximately 113 3 cubic meters (4 OOO cubic feet) of soil were removed from withm the 903 Pad 

Lip Area Soil removal acuvities were conducted agam in 1978 when an esumated 4 OOO square meters 

(43 000 square feet) of soil that exceeded 2 OOO cpm were removed to a depth of appmxlmately 

3 5 cm (1 4 in ) All waste was packaged and shipped to the Nevada Test Site (DOE 1992) The excavated 

area was backfilled and revegetated 
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Soil cleanup was performed along the eastern edge of the 903 Pad Lip Area in 1984 (Setlock 1984) A total ot 

214 tri wall pallets o f  contmnated soil were removed from the area The soil disposal locauon was not 

provided bv Setlock 1981) The excavated area was covered with clean topsod and vegetated 

4lthough several removal acuons have been conducted in the 907 Pad Lip k e a  recent sampling has detected 

the presence of elevated concenuations ot Pu 2;9/'40 and 4 m  241 The vertical profile o f  actlnides in the 

region follows a unique profile with depth In general the highest activity is found in the top 3 cm ( 1 2 

inches) followed bv a significant decrease betwean 6 and 9 cm (2 4 and 3 1 inches) 4 n  increase in actinide 

activitv is found at the onginal surface level beneath the revegetated fill level The increase of actimde 

activitv in the top 3 cm ( 1  2 mches) of fill material cannot be explamed by the previous historical wind 

dispersion transport from the 903 Pad Drum Storage Site 

Based on the site historv and other information burrowing animals ant colomes and earthworms have been 

observed at the 907 Pad Lip Area and are potenual transport mechanisms for residual contammation that 

remans in the 902 Pad Lip Area Geological features of the site such as lateral lscontinuiues and 

macroporosity could also conmbute to the redismbuuon of contmnants (Litaor et a1 1994) Ths 

redistnbuuon is apparent in the distnbution of Pu 2391240 in the sand layer over the 903 Pad Lip Area 

discussed above 

I3 3 Remaining OU 2 Surface Soils 

The remamng surface soil contamination is m 

IHSSs 183 2162 2163 

Areas pnmarily to the east and southeast o f  the 903 Pad Lip Area (buffer zone east o f  the 903 Pad 

and Lip Area) 

Operable Unit 1 (OU 1) surface soils contiguous to OU 2 whch are contarmnated with low levels 

of plutomum OU 1 surface soil in h s  area is believed to have been contarmnated by wind 

transport from the 903 Pad Drum Storage Site 

The Gas Detomfication Site IHSS 183 includes Buildlng 952 which was constructed as a Toxic Gas Storage 

Building Ths buillng is located withm the IHSS 155 boundary and the contents of the budding prewously 
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have been determned to have been contarmnated by Pu 2391240 and Am 231 from IHSSs 112 and 1% (DOE 

1992) Therc are no histoncal reports of surface soil contammauon due to operations in tlus building and the 

RFIiRI did not identifv anv other contamants within this area Therefore IHSS 183 will be remedidted based 
on the presence of Pu 239/240 and Am 241 

The East Sprav Fields IHSSs 261 2 and 261 3 were used to reduce water levels in Pond B 3 which receives 

smtarv wastewater from the IA Pond B 3 water was spraved over the IHSSs resulting in saturation and in 

some instances overland flow A chrormc acid spill m Buildmg 143 resulted m the inadvertent discharge of 

an estimated 4 7 pounds of chromum to Pond B 3 which was subsequently sprayed on the East Spray Fields 

Following the chromium release 34 samples were collected from spray field surface soils Chrormum 

concentrauons m surtace soil are below remediation goals so remediation is not necessary for chromium 

Contammauon m the remming surface soil area is attributed pnmarily to wmd dispersion from the 903 Pad 

Drum Storage Site Plutonium contammation also potenually onginated from histoncal fires and stack 

effluent of the production faciliues The RFI/RI data mdicate a large variability in Pu 239/240 and Am 241 

activity near the 903 Pad source area between the samples taken using CDPHE sampling protocol and the 

RFETS samplmg protocol (DOE 1995b) Thls variability probably occurred due to wind erosion some 

solubilitv and leachability and the hot particle phenomenon As defined by Winsor and Whicker (1979) a 

hot particle has an acuvity above 450 picduries per gram (pCi/g) and it is usually an agglomerauon of 

numerous host soil gram and plutomum oxides Studies conducted at the RFETS indicated a significant 

variation in the sizes and spatial distnbuuons of the plutonium panicles in the soil Therefore a large 

vanabihtv in a short sampling interval is not surpnsing Additionally the RFETS soil sampling techniques 

mvolve collecung large quantihes (up to 5 kg) of whch only a representative sample is processed and 

analvzed This could explam the vanation m acumde actiwties 

Other possible causes of the large vanability in actinide activity across the remediabon area include prior 

vehicle and construcuon disturbance and past cleanup practices A 1994 aenal photograph taken by the 

Radiological Assessment Group showed that large vehicular and/or construcuon disturbances occurred in at 

least one sampling plot Based on the requlred sampling protocol mvolving 5 to 10 subsamples in the middle 

of the plot samples could have been taken in a hghly disturbed locauon that was not representatlve of the 

onginal contammant loading 
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I 4 SITE CHARACTERISTICS AND ENVIRONMENTAL SETTING 

Appendix 4 descnbes the site characteristics and environmental setting of the 903 Pad and Windblown Soils 

Area These aspects arc important in analvzing the risks to human health and the environment as well as 111 

designmg the preferred alternauve Appendix 4 provides detailed informauon with respect to 

DemoFaphv and land use 

Topographv and geomorphology 

Climatology meteorology and a x  quality 

Site and local surface water hydrology 

Site and local soils 

Regional and local geology 

Regional and local hydrogeology 

Ecology 

Social and economc resources 

I 5 RFVRI ECOLOGICAL RISK ASSESSMENT HUMAN HEALTH RISK 
ASSESSMENT AND REMEDIATION GOALS 

This section provides a summarv descnpuon of the surface soil and surface water charactenzation results or 
the ecological nsk assessment (ERA) results of the human health nsk assessment ("RA) calculation of 
remediation goals and a screening o f  surface soil chemcals of concern (COCs) The 903 Pad and Windblown 
Soils ICIIIRA will address risks associated with arborne contammauon biota transport and erosion from 
surface water 

I 5  1 SUMMARY OF RFURI SURFACE SOIL RESULTS 

Surface soil samples were collected across an area of approxlmately 800 acres as shown on Figure I 5 1 The 

surface soil plots were 2 5 and 10 acres in size Surface soil samples were collected in 1991 via the CDPHE 
sampling methodology Using the CDPHE sampling method 25 equally spaced and uniformly distributed 
subsamples were composited withm each 2 5 or 10 acre plot This method was employed to evaluate the 
spaual extent o f  contammation In 1992 the plots were resampled via the RFETS samplmg method Using 

the RFETS sampling method ten subsamples were collected from the comers and center o f  two 1 meter 
squares spaced 1 meter apart at the center of each 2 5 and 10 acre plot The surface soil samples were 
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collected from a depth of 5 cm usmg the E T S  sampling method and 6 rmllimeters (mm) using the CDPHE 
sampling method 

4dditional suriicial soil samples were collected m 1993 through an approved field sampling plan in support of 
the HHR4 In detemnmg the samplmg locations the OU 2 area was divided into 9 126 conuguous 50 foot 

bv 100 foot plots Fortv plots were systematically selected for sampling Six of the 40 plots were biased plot 
locauons specifically selected for sampling because they were located w i h n  IHSSs potentially contaming 
contmnated surface soils (based on a review of the activities conducted in OU 2) The remiuning 34 plots 
were evenly spaced throughout the OU 2 area One composite soil sample was taken from each of the plots 
using a modificauon of the WETS sampling method Ten subsamples were collected and composited from 
the comers and center of two 1 meter squares placed 1 meter apart The depth of each subsample was 5 cm 

! 

Samples collected using the CDPHE sampling method were analyzed for uranium plutomum and americium 
isotopes Samples collected usmg the WETS sampling method were analyzed for plutonium and amencium 
isotopes The samples collected for the HHRA were analyzed for semvolaule organic compounds (SVOCs) 
pesucides and polychlonnated biphenyls (PCBs) metals inorganic constituents and radionuclides 

I 

I 

I 

Potenual chermcals of concern (PCOCs) for OU 2 are presented in Table I 5 1 PCOCs were then assessed 
with respect to toxicity frequency of detection and professional judgement to m v e  at the surficial soil COCs 

of Aroclor 1254 Aroclor 1260 Bis(2 ethylhexy1)phthalate Chromum I11 Pu 2391240 and Am 241 
Additional informauon regardmg these results can be found in the Phase I1 RFI/lU Report for OU 2 (DOE 

1995b) 

I 5 2 SUMMARY OF THE SURFACE WATER RESULTS FROM THE STORM EVENT 

Surface water samples were collected dunng the overland flow resulung from the May 17 1995 storm event 
The samples were grab samples and were analyzed for Pu 2391240 and Am 241 Figure I 5 2 presents a map 
of the sampling locauons and analpcal results No total suspended solids analyses were performed on these 
samples so no resuspenslon correlauon can be made Therefore it is not currently known if plutomum is 
actually transported wa overland flow In general though the concentrauons of Pu 2791240 and Am 241 are 
hgher in uphdl locations (closest to the 903 Pad Drum Storage Site and the 903 Pad Lip Area) than in the 
downhlll locauons (closest to Woman Creek) 
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Table I 5  1 
Analytical Results for PCOCs in Surface Soils in OU 2 

Background Number Number Mean 
Screening of of Percent Concentratlgn 

Analyte Level(8) Samples Detectlonsa Detections or Acbvity 
Semtvolahle Organic Compounds (glkg) 
Benzo(a1anthracene YA 
0enzora)pvrene NA 
Benzo(b\fluoranthene NA 
Benzo(g h liperylene NA 
Benzo(k)fluoranthene NA 
Benzoic acid NA 
BiS(2 Ethylhexyl)phthalate NA 
Chrysene NA 
Di n Butylphthalate NA 
Fluoranthene NA 
Indeno(l2 3cd)pyrene NA 
Phenanthrene NA 
Pyrene NA 
Perticidea and PCBs (pg'kg) 
4 4  DDT NA 
Aroclor 1254 NA 
Aroclor 1260 NA 
delta BHC NA 
PCOC Metals Above Background (mgkg) 
Calcium 934 
Chromium 19 98 
Iron 21835 
Lead 49 6 
Silicon 2 184 
PCOC Radionuclides Above Background (pCUgf 
Amencium 241 0 039 
Gross Alpha 28 771 
Plutonium 239/240 0 094 
Radium 226 1198 
Strontium 89 90 1213 
Uranium 233 234 1461 
Uranium 235 0 107 

42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 

42 
42 
42 
42 

74 
74 
74 
74 
74 

69 
35 
80 
42 
30 
84 
84 

8 
9 
9 
1 
2 
39 
9 
12 
1 
20 
2 
13 
24 

17 
3 
2 
11 
0 

69 
8 
80 
9 
12 
28 
18 

0 19 
21 4 ' 
21 4 '  
2 4  ' 
48 '  
92 9 
21 4 ' 
2861 
2 4 '  
4761 
4 8/  
31 oo/ 
571 

2 4 1  
4 8 1  
4 8 1  
2 4 1  

23 / 
4 1 1  
2 7 1  
149'  
0 001 

1 w o /  
22 9 ' 
100 ooi 
0214 
0 4  

0 333 
0 214 

87 
93 
134 
45 
73 

244 
121 
97 

lo00 
153 
64 
89 
131 

26 
580 
450 
23 

33521 
29 

51950 
63 
NA 

10 
106 
347 
1 
2 
2 
0 

Locations SS20093 SS203993 PToOg PTO10-011 PT013 PTOl5-016 PTO19-@3 PT026-038 PT044-049 PT052-057 PTO61-062 PTO64-068 
PT072 074 PT076-081 PT084 088 PTW596  PTlW 102 PT104 109 PT112 115 PT118 123 

a Radionuclide and metal results less than the background mean plus 2 standard devlatlons the background screenng level (BSL) are considered as 
a background result Reported detections are above background 
The calculation for the mean ooncenlfahn ndodes all J D and E qualdmd data 
Background concanlnbons for organlc compounds were assessed on a case bycase basis 
NA Not AppllcaMe 

e For metals and radionuclides only PCOCs have been rewewed and are presented on tks table 
Radionuchde actiwtles less than or equal to zero are consldered to be nondetections An estimated 5 OOO gallons of liquid (Freiberg 1970) 

containing 86 grams (gj d plllonium (5 3 cum [Cin leaked into the sol (Dow Chemical 1971) 
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I 5 3 RESULTS OF THE ECOLOGICAL RISK ASSESSMEW 

The Ecological Risk Assessment (ERA) for Walnut Creek and Woman Creek Watersheds at Rockv Flats 

Environmental Technological Site Volume 7 Appendix F of the Draft Final Phases I RFWU Report Walnut 

Creek Prioritv Drainage OU 6 and discusses the summary of ecological risk for both drainage to key receptor 

- eroups m ERA source areas includtng OC: 2 903 Pad The receptor groups mclude Terresmal Feeding Raptors 

and Small bktmmals which cover exposure pathwavs for deer mice voles and Preble s meadow jumping mice 

and common raptors such as great homed owls These receptor groups were evaluated through the risk 

characterization stage however the risks were low for all species except the American kestrel 

Red taded hawks mule deer and coyotes are featured as wide ranging species and their potential exposure 

was assessed on a sitewide basis Since the hazard indexes for the wide ranging species were all well below 

1 0 the risk to these species from PCOCs at RFETS is negligible and further evaluauon is unwarranted 

hsks to the Amencan kestrel were due pnmarily to chromum in soils and prey Twenty one surface soil 

samples were collected m the vicmity of the 903 Pad Drum Storage Site and 903 Pad Lip Area Of these only 

6 samples (28 percent) exceeded background concentrauons It was reported that only small areas withm OU 

2 have chromum concentratlons that could provide an intake to the Amencan kestrel exceedmg background 

The American kestrel has a large home range over which it forages Therefore an Amencan kestrel would 

most likely only take a small fracuon of prey from a localized region where chromium concentrations 

exceeded background The ERA concluded that it is highly unlikely that the Amencan kestrel population is 

bemg impacted by chromium concentrations in OU 2 (RMRS August 22 1995) 

I 5 4 SUMMARY OF THE HUMAN HEALTH RISK ASSESSMENT RESULTS 

An HHRA was conducted as part of the Phase 11 RFVRI report for OU 2 The purpose of the HHRA was to 

estlmate the level of health nsk from potenual exposures to chermcals at or released from contarmnant sources 

withln OU 2 Health nsks exarmned 111 this document are for the reasonable maximum exposure (RME) case 

which is an upper bound nsk and is calculated accordmg to EPA gudance @PA 1989 and 1992) 

The "RA consisted of a series of four steps involvlng the collecuon and evaluauon of data as they apply to 
nsk 

Data collection and evaluauon 
Exposure assessment 
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Toxicitv assessment 
f i s k  characterization 

These stcps are presented in detal in 4ppendix H o f  the RFI/RI report for OU 2 (DOE 1995b) For purposes 
of this document onlv the risk assessment conclusions wi l l  be discussed 

I5 4 1 Results 

Table I 5 2 summarizes the results o f  the risk charactenzation step of the HHRA for area ot concern (AOC) 
Yo 1 AOC Yo 2 and the maximum exposure areas These are the pnmary exposure areas assessed with the 
HHRA A discussion o f  these areas is found m Secuon H2 0 Data Evaluauon and Aggregation o f  the OK 2 
RFW Report (DOE 1995b) The suficial soil COCs assessed in these areas were Aroclor 1254 Aroclor 
1260 Bis(2 ethvlhexv1)phthalat.e chrormum I11 Pu 2391240 and Am 241 The table lncludes the total cancer 
risk and noncancer hazard lndices (HIS) for the exposure pathways evaluated at OU 2 The "Iw supports 
the no further action remedial alternauve for both AOC Yo 1 and AOC No 2 because all risk withln the AOCs 
are withln the acceptable risk range 

As shown m Table I 5 2 the maximum RME cancer risk estimate was 2 0 x lo4 for a future indusuial/office 
worker in the 30 acre maximum exposure area This nsk is due to the ingesoon and inhalation o f  Pu 239 and 
Am 241 in surtace soils Cancer nsk estimates for all other nonresidential receptors 111 the maximum 
exposure areas were withm or below the EPA s target cancer nsk range o f  1 0 x 10 to 1 0 x lo-' The hiohest 
cancer risk estimate o f  2 0 x 10" only slightly exceeds the €PA target risk range Yoncancer HIS were below 1 

for all onsite nonresidential receptors mdicaung no significant noncarcinogenic risk Hazard and risk 
esumates for offsite residents were negligible The annual radiation dose to the future mdusuial/office worker 
in the 30 acre maumum exposure area is 18 milllrem The annual radiation dose estimate for all other 
nonresidential receptors are less than 10 rmllirem 

The hypotheucal resident was not included in the nsk charactenzation because this exposure scenano is not 
applicable at the RFETS This IS consistent with the recommendahons of the Rocky Flats Future Site Use 
Work Group (RFFSUWG 1995) Therefore the residential nsk calculations were not considered in makmg 
conclusions about site nsk 
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! Table I 5 2 
Summary of Estimated Health Risks 

1 

Average Exporum (CT) Rearonable Maximum Exposure (RME) 

Carcinogenic Risk Hazard Index Carcinogenic Rlsk Hazard Index 

AOCNo 1 

Future inaustnal'office worker 20X1O6  60x10 -  8 0 x10 -  4 0 x  10 ' 
Current worker 6Ox1O7 2 0 x 1 0 ~  1 0 x10 -  1 o x  10' 

Future ecological worker 1 ox106  5 0 x10 '  4 0 x10 -  2 0 x  10' 

Future open space use 2 0 x 1 0 ~  5 0 x 1 0 ~  1 0 x10 -  1 o x  10' 

Future construction worker 1 0 x 1 0 ~  4Ox1O3 30x10 -  20x10"  

Maximum Exposure Areas 

Future industnalloffice worker 

(30 acres) 
s o x  10" 10x10 '  2 0 x  loJ 8 0 x10 '  

Future ecological worker (SO 

acres) 
2 o x 1 0 6  8 0 ~  io3  6 0 x  10" 4 0 x  10' 

AOCNo 2 

Current worker 90x10 '  3Ox1O7 20x10 '  20X1O4 

Future industnalloffce worker 40x10" 9 0 x10 '  1 o x  10" 1 0 x10 -  

Future ecological worker 2 0 x 1 0 e  20X1O4 7 0 ~ 1 0 ~  3Ox1O4 

Future open space use 60x10 '  3 0 x  10- 3Ox1O7 4Ox1O4 

Future construcbon worker 3 0 ~ 1 0 ~  3Ox1O3 1 0 x 1 0 ~  2 0 x10 '  

The Role o f  the Baseline f i s k  Assessment in Superfund Remedy Selection Decisions (EPA 1991a) states that 

for sites where the curnulame nsk to an individual based on RME for both c m e n t  and future land use is less 

than 1 0 Y IO4 action IS generally not warranted but may be warranted i f  a chemcal specific standard that 

defmes acceptable risk is violated Chemcal specific standards have been calculated for OU 2 and are further 

discussed as remediauon goals in the following subsecuon 

I 5  5 REMEDIATION GOALS 

As discussed in the k s k  Assessment Guidance Document Part B (EPA 1991b) remediation goals are long 

term targets to use d u n g  analysis and selecuon of remedial altematlves Ideally such goals if achieved 

should complv with ARARs and result in residual risks that fully sausfy the Nauonal Oil and Hazardous 

Substances Polluuon Conungency Plan (NCP) requnements for protecuon of  human health and the 

envuonment 

Chemcal specific remediauon goals are concentrauon goals for mdividual chemcals for specific medium and 
land use combinabons at Comprehensive Environmental Response Cornpensauon and Liabilitv Act 
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(CERCLA) sites There are two general sources of chemical specific remediauon goals (1) concentrauons 
based on ARARs and TBC standards and (2) risk based calculations that set concentrauon limits using 

carcinogenic and/or noncarcinogemc toxicitv values under specific exposure conditions The remediation 
goals for COCs for surface soil were originallv identified 111 Techmcal Memorandum Yo 1 (DOE 1995a) and 

modified based on the “RA 

Table I 5 3 presents the remediauon goals used to screen and calculate contammated surface soil volumes and 

evaluate remedial alternatives for this I W  The mmmum contamtnant concentration is presented for 

compmson agamst the remediation goals to detemne which contammants warrant further evaluation in the 
907 Pad and Windblown Soils IWIRA decision document Remediation goals were calculated for an office 
worker exposure scenmo and an open space exposure scenario These exposure scenarios were recommended 
for use at RFETS by the RFFSUWG The office worker exposure scenano is applied at the 903 Pad and Lip 

Area per the worhng groups recommendauons The open space exposure scenano is applied in the buffer 
zone area also per these recommendations Appendix B contans the calculauons for the remediahon goals 

presented in Table I 5 3 and esumated surface soil volumes 

The maximum detected concentrauons for Aroclor 1254 Aroclor 1260 Bis(2-ethylhexyl)phthalate and 

Chromium 111 were all below remediation goals Therefore remediauon of surface soils is not necessary for 
these chemcals The maximum concenuauons of Pu 2391240 and Am 241 exceed their respecuve 
remediation goals in the 903 Pad Lip Area Therefore remediation of surface soils for these radionuclides is 

indicated in h s  area The maximum concentrauons of Pu 2391240 and Am 241 do not exceed their respecuve 
remediauon goals 111 the buffer zone therefore remediauon is not necessary in the buffer zone 

I 5 5 1 Chemical Specific ARARs or TBCs 

Chermcal specific ARARs and TBCs for surface soil that establish protective levels based on protection to 

human health and/or the environment exist for PCBs (Aroclor 1254 and Armlor 1260) and radionuclides 
Cleanup standards for soils contmnated with PCBs are regulated under the Toxic Substances Control Act 
(TSCA) The TSCA reqwrements for cleatllng up PCB spills are considered TBC cntena Although PCB 

spills that occurred pnor to May 4 1987 are excluded from 40 CFR 761 Subpart G (the EPA PCB Spill 
Cleanup Policy) DOE believes that the cleanup targets in the policy are protecuve of human health and the 
environment The policy establishes a soil cleanup target of 25 parts per mllion (ppm) PCBs by weight m 
restricted areas The DOE believes that the 903 Pad and associated windblown soils meet the defimuon of  a 
restricted area, as they are located withm an indusmal site where access is limited and separated by over 0 1 

lulometers from any residenual or commercial area, as defined in 40 CFR Secuon 76 1 123 

I 26 



I 

Document Vo RFIER 9~ 01 16 L V 
Interim Measiires/lnterim Remedial Action Dectsron Document 

The T B C  criteria idenufied for plutonium and americium in Technical Memorandum No 1 (DOE 1995a) were 

based on an annual radiauon dose limit o f  100 mrem effecuve dose equivalent using the office worker 

exposure sxnario and exposure pathwavs outlined in the Programmauc h s k  Based Preliminarv Remediation 

Goals (DOE 1994) and the R m  parameters agreed to bv the EPA CDPHE and the DOE The equation was 

modified to use dose mllirem (mrem) instead o f  a target risk level in the numerator and a dose equivalent 

factor (mredmcrocurie re curie]) instead of  a cancer slope factor in the denominator The DOE Order 

5400 5 (DOE 199 1) restricts the offsite radiauon dose to members of the public to a 100 mrem effective dose 

equivalent per vear Following completion o f  the " R A  the TBC critenon was modified to reflect site 

specific conditions and exposure parameters used in the "RA These modifications included revising the 

exposure scenario using an office worker exposure scenario inside the IA of  the RFETS and an open space 

exposure scenario outside the I 4  

The 100 mrem effective dose equivalent presented m DOE Order 5400 5 was intended to apply to doses to the 

public resulting from all exposure modes from all DOE rouune acuviues To  limit the dose resulung from a 
single source and ensure that the standard was protective o f  human health and the envuonment the TBC 

critenon was further revised to reflect an annual radiauon dose l imt o f  15 mrem effective dose equivalent In 

addition the 15 mrem remediauon goal is consistent with the proposed Wuclear Regulatory Commlsslon 

(YRC) radiological critena for decomrmssiomng (59 FR 43200 August 1994) 

I 5  5 2 Risk Based Remediation Goals 

Because no ARAR or TBC cntena were idenufied for surface soil contanmg bis(2 ethylhexy1)phthalate and 

chromum I11 nsk based remediauon goals were calculated in Technical Memorandum No 1 (DOE 1995a) 

These remediauon goals were modified to reflect site specific conditions and exposure parameters used in the 

"R.4 

I 
I 5  5 3 Summary of Results 

A compmson of the maximum contarmnant values and the remediation goals indicate that both Pu 2391240 

and Am 241 exceed the remedimon goals in the 903 Pad Lip Area based on a 15 mrem effective dose 

equivalent and warrant funher considerauon m the 903 Pad and Windblown Soils Area IM/IRA decision 

document 
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Table I 5  3 
Remediation Goals 

Risk BasodlDosa Romediabon Goalsa 

Office Worker Open Space 
Maximum Detected Concentrationb Rqgu,atory 

Chemicals Based 
of Inside 903 Pad outride 903 Remdiation Rirk 15 Risk 15 

Concern Lip Area Pad Lip Area God Based mrem Based mrem 

Aroclor 1254 rmgikgl 970x10 220x10 25x10 NA NA NA NA 

Aroclor 1260 (ma'kg) 660x10 220x10 2 5 x 10' NA NA NA NA 

510x10' 45x10 4 0 9 x l d  NA 1 2 8 x 1 0 ~  NA Bis(2 ethylhexyl) 
phthalate (mq/kg) 

3 21 x 10' 2 95 x 10' 1 00x1O6 NA 100x106 NA 
I 

Chromium 111 (mgkg) 
1 

1 1 0 ~ 1 0 ~  73x10' 164x10~  161 x10 Plutonium 2391 
240 (pCig) 

Amencium 241 (pCVg) 2 70x le 164X ld 142x10' 1 43x103 

Remediation goals based on RME factors 
Maxunum concentratton ongnates from RFllRl for OU 2 
TOXIC Substances Control Act (TSCA) (see 40 CFR 761 120 and 761 125) 
NA-Not applicable because remediation goal IS enher regulatory based or nsk based 

and therefore IS not included 

a 

I 6 ESTIMATION OF AREAS REQUIRING REMEDIATION BASED ON AN ANNUAL 

DOSE OF RADIOACTIVITY 
I 

1 
Surface soil contammauon levels based on RFVRI data were compared a g m t  radmhon dose based remediation 

goals to establish the areal extent of contarmnated soils requlrmg remediation Figure I 6  1 identifies those areas 

within the 903 Pad and Windblown Sods Area that exceed the remediation goals Surface soils outside of IHSS 
155 mcluding the East Spray Fields (IHSSs 261 2 and 261 3) do not requlre remediauon to achieve a 15 mrem 

effecuve dose equivalent based on the open space exposure scenano Simlarly surface soils in IHSS 183 the 

Gas Detoxificauon Site do not require remediation to achieve the remediauon goals 

Wihn IHSS 155 approxlmately 3 1 acres outside of the 903 Pad Drum Storage Site requlre remediatlon to 
achieve the remedatlon goals based upon the office worker exposure scenano as shown 111 Appendix B The 

results of the RFVRI mdicate that outside of the 903 Pad Drum Storage Site over 95 percent of the Pu 2391240 

and Am 241 contammauon is confined to the upper 20 cm of soils and soils at the surface exhibit the highest 

contarmnauon levels Therefore a 20 cm depth was assumed as the extent to which soils will be remediated At 

this depth a total volume of 3 280 cubic yards of contarmnated surface soils reqwre remedmon for the 3 1 acres 
exceeding the remediauon goal 
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Because there is no evidence of surficial soils being remediated before placement o f  the clean fill and asphalt cap 

it is believed that soils below the fi l l  are contammated above remediation goals The 903 Pad Drum Storage Site 
will be remediated to prevent potential future surface erosion and transport o f  contammated soils that are currently 

beneath the pad The volume of contammated soil beneath the 907 Pad as well as the volume o f  the asphalt pad 

were examined Dunng past remedial actions at the 903 Pad Drum Storage Site approumately 20 cm o f  clean fill 

and a laver of  asphalt were placed over contammated soils 

contammated the entlze volume is suspect The 20 cm o f  soil under the fill is assumed to contam contammation 

above remediation goals The total volume o f  contammated matenal to be remediated from under the 903 Pad IS 

esumated at 8 570 cubic yards and includes the volume of  the asphalt cap The total estimated volume o f  

contaminated surface soil requmng remediation is 11 850 cubic yards This volume estimate was rounded up to 

12 000 cubic yards for use in the evaluation o f  remediatlon process opuons and alternatlves 

4lthough the 20 cm o f  fill mav not be thoroughlv 
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I7 IWIRA 4SSCMPTIONS 

The following assumpuons have been made in prepanng this IWIR4 

411 wastes associated with the surface soil remediation are nonhazardous low level radioacuve 

wastes Soil3 will be characterized to assure that they are onlv low level radioacuve waste 

The remediation _goals as outlined in this document for the office worker and open space exposure 

scenanos are approved for use 

Concentrauons of Am 241 and Pu 2391240 in the soil under the 903 Pad Drum Storage Site exceed 

the office worker remediauon goals and requre remediauon Soils will be surveyed to assure that 

only soils exceeding remediation goals are remediated All soils excavated will be charactenzed to 

asure that no hazardous chemcals are present 

Posuemediauon surveys will be performed on all areas requiring remediation to assure that 

remediation goals have been met Posuemediation survey results will show that the remediation goals 

tor Pu 239 and Am 241 are not exceeded 

IHSS 183 the Gas Detoxificauon Building will be removed durmg the remediauon activities ot the 

907 Pad Lip Area and the 903 Pad Drum Storage Site 

Remediation of groundwater and subsurface soils is not withm the scope of this surface soil IM1IRA 

decision document 

Surmial soils contaming Am 24 1 and Pu 2391240 in the 903 Pad and Lip k e a  exceed the olfice 

worker remediation goals and require remediauon A sdicial  soil survey will be performed before 

remediaon proceeds to assure that the remediauon goals are exceeded Only Soils exceeding 

rernedxuon goals will be remediated 

Surficial soils outside of the IA fence (in the buffer zone) will be surveyed to delineate areas that may 

exceed remediauon goals Thls IM/IRA assumes that not soils in the buffer zone exceed remediation 

goals 

Due to surveying of soils part of the 12 OOO cubic yards of matenal will be deemed below remedmon 

goals Ths decision document assumes that all 12 OOO cubic yards needs to be remediated 
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Part II 

Remedial Alternatives Evaluation 

II 1 GENERAL RESPONSE ACTIONS AND PROCESS OPTIONS 

This section presents the general response actions (Gus) remedial technologies and potenual process 

options that were identified and iniually screened as part of the surface soils evaluation presented in Technical 

Memorandum 2 for OU2 (DOE 1 9 9 5 ~ )  GRAs were idenufied to satisfy the remedial action ObjeCtiVeS 

established for OK2 These GRAs represent a full range o f  potential actions to ensure that a reasonable range 

o f  remedial alternatives have been evaluated A general description o f  each GRA is provided below 

No Further Acuon Required by CERCLA as a benchmark for compmson a g m s t  other 

remehal acuon alternatives No direct acuon will be taken to alter the exlshng situation 

Long term a u  surface water and radiological monitonng o f  site conditions would be 

performed 

Insutuuonal Controls Refers to controls based on legal and/or management policies which 

rmmmze public exposure to potential contmnancs The land use would be legallv restricted 
by zoning provisions andor modificauon to the deed and site access would be limted with 

fencing Long term a r  surface water and radiological monitonng would be conducted 

Contamment Consists o f  those acuons which would m i r m z e  or prevent migrauon of 

contammants by wind dispersion or surface water erosion mechanisms 

In Situ Treatment In situ treatment refers to treatment of contarmnants in place In situ 

treatment achons would remove detoxlfy and/or immobilize contammants usmg chemical 

thermal physical or biological technologies 

Excavauon and Jhsposal Includes actions such as soil excavatlon which are used to remove 

and/or consolidate contarmnated media Also includes transportation and disposal o f  

radioacuve wastes at faciliues such as landfills corrective actlon management units 

(CAMUs) and vaults 

Ex Situ Treatment This action is simlar to in situ achons with the exception that the 

contarmnated media are extracted or removed pnor to treatment. Ex situ action separate or 

I1 1 
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I concentrate detoxify or immobilize contarmnants usmg chemical thermal physical or 

biological technologies 

II  1 1 IDENTIFICATION OF TECHNOLOGIES AND PROCESS OPTIONS 

I 
Remediation technologies and process opuons were identified to address contarmnated surface soil at the 907 

Pad and Windblown Soils Area A comprehensive list of remediation technologies and process opuons were 

mitlallv developed for the OU 2 CMSES EG&G 1993) Resources consulted to compile the comprehensive 

list ot technologies (ES 1994) included 

EPA and DOE pudance documents 

Technical publicauons jo~rnals and proceedings 

Computenzed remediauon and waste treatment databases including €PA s Vendor 

Information System for Innovative Treatment Technologies (VISITT) h s k  Reduction 

Envlronmental Laboratory (RREL) Treatability Database and Alternative Treatment 

Technology Informauon Center (ATTIC) 

Exisung WETS documents mcludmg treatability studies and IM/IRA reports 

Information provided in the comprehensive list of technologies and addiuonal €PA and DOE guidance 

documents was used to perform an inrual screening of technologies and process opuons based on OU 2 
specific condiuons 

II 1 2 SCREENING OF TECHNOLOGIES AND PROCESS OPTIONS 

The list of technolops and process opuons was screened agatnst established mtena for applicability and 

implementability The goal of the u u a l  screening process was to elimnate those technologies andor process 

options that could not be implemented because of site specific factors Thls step reduced the number of 

remedial technologies and process opuons for considerauon m the development of remedial alternatives 

Process options were imually screened and evaluated under the assumpuon that they would be implemented as 

the pnmary remedial treatment process Therefore several process opuons were not retamed after screening 
because they were only applicable as a secondary treatment or a component of a potenual remedial alternative 

11 2 



Document Vo R F X R  95 01 16 L'V 
Interim Weasures/Interim Remedial Action Decision Doc1 ment 

The second screening was a fatal flaw analysis based solely on technical implementability Ths stage of 

screening required the review o f  site characteristics and specific information for each process option to 
identifv any factor that would prevent the technolop or process option from being implemented at the 901 
Pad and Windblown Soils Area for surface soil remediation Factors affecung techmcal implementabilitv that 

were considered during the fatal flaw analysis included 

Characteristic contaminant properties 

COC concentrations 

Honzontal and vertlcal extent o f  contammation 
Surface topography 

If anv factor or combination o f  factors that would prevent a process option from being implemented was 
identified that process option was elimnated from further considerahon and the reason was documented The 

process options remanmg after the iniual screen were evaluated based on potential effecuveness 
admmstrative implementability and relative cost Specific factors considered w i h n  each o f  these categories 
include the following 

Potenual effecuveness of process opuons in handling anticipated areas or volumes of 

contaminated media 

Potential effectiveness o f  process options 111 meeung the C M O S  

Potenual impacts to human health and the environment due to process opuons durtng 

consuucuon and implementation 

Proven applicability and reliability o f  process opuons given current understandmg o f  the site 

specific condmons and contarmnant concentrauons 

Avadability o f  required treatment storage and disposal (TSD) services for process options 

Ability to obtatn necessary approvals and permits for process optlons 

Avadability of required equipment and slulled workers for implementation of process options 
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Consuuctability of process options including site specific constriunts such as access 
topography time and regulatorv commitments 

The cost estimates were developed usmg several sources Honzontal barrier process optlons 

primarily used RFETS site specific data developed for cover alternauves at OU 4 The 
disposal and treatment process opuons pnmarily were referenced from the RFETS 
Envuonmental Restoratlon Management Cost Esumaung Manual Document No RFPERM 
94 00009 (Parsons ES & Rust 1994) Where additional information was required the €PA 

Remediauon Technologies Screenmg Vamx and Reference Guide Document No EPA 542 

B 93 005 (EPA 1993) was used Esumates for disposal and transportauon also used the 
demled esumates developed for OC 4 

The accuracy of the cost esumates at this screemng step was plus 1 0 0  percent or mnus 50 

percent Esumates are mended to be used only for compmsons of one process option to 
another within a technology type 

The results of the screening process are presented m Figure I1 1 1 Based on the screening process the most 
appropriate process opuons were carned forward and developed into specific remedial alternauves tor the 901 
Pad and Windblown Soils Area The remedial alternatives camed forward into the detaled analysis of 
alternatives included 

Yo further actlon 

Instituuonal controls 

Enhanced vegetmve cover 

Excavation and onsite disposal 

Ex Situ treatment via stabilizauon with return to excavation 

The following secuon provides an englneenng descrtption of these alternaves 
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II 2 OETAILED DESCRIPTIONS OF REMEDIAL ALTERNATIVES 

For cach ot the remedial alternauves the selected primarv process components are listed and described 
regarding qize and contiprauon of equipment needed process rates and remedial durauons expected 
constructabilitv issues and pemtung Estlmated times for completion do not include preremediation 
management or mobilization or demobilization The information presented in the following subsections w ~ l l  

provide the technical basis for the detailed analvsis of alternauves (DAA) 

II 2 1 ALTERNATIVE 1 NO FURTHER ACTION 

The no further action alternatlve would involve no additional remedial acuvities or instituuonal controls Yo 
process options require development or evaluauon for this alternative The no further action alternauve IS 

required as a basis for comparison with the other remedial alternatives 

Remedial activities associated with this alternative include monitonng for radioacuve rurbome particulates 
ambient gamma field monitonng and momtormg of radioactivity in surface water Radiological momtonng 
would be conducted to evaluate potenual contarmnant rmgrratlon from the site via ax dispersion pathways 
upward migration to the surface via biota transport and surface water runoff Momtormg acuvities would be 

reviewed every 5 vears m accordance with CERCLA 

Monitoring for radioactive particulates and surface soil hot spots would include both radioactive arbome 
particulate and ambient gamma field monitorlng The WETS currently conducts both types of monitoring on 
a regular basis Monitormg would continue for at least 30 years or unul it is detemned that remedation goals 
for surface soil have been achieved 

Monitormg for radioacuve material present m surface water would be required to detemne if contarmnants 
were mgratmg via surface water runoff and havmg an adverse impact on South Walnut Creek or Woman 
Creek The RFETS currently collects surface water samples as part of the sitewide environmental protection 
program The surface water runoff monitonng could be implemented as part of the site wide program with 
rmnimal effort and would conunue for a 30 year penod pendmg results of the 5 year CERCLA reviews 

II 2 2 ALTERNATIVE 2 INSTITUTIONAL CONTROLS 

Insututional controls reduce potenual exposures to site contarmnants through adrmnistrative acuons and 
access restncuons Admmistrmve actlons include deed restnctions to control future land use and long term 
momtonng to determme whether contarmnants are mgraung Deed restnctions impose legally enforceable 

I 
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controls IO prevent development excavation or construction on the land to prevent contact wtth and 
mobilization of contammatton Access restrictions include f e n c q  and wammg signs Specific mstituttonal 
controls are described below 

II 2 2 1 Access Restrictions 

1 
4 6 toot high fence with warnmg signs would be installed around the area with surface soil concentrations of 

Pu 2391240 and Am 241 above the remediatlon goals Approxlmately 4 250 b e a r  feet would be required 
around the 903 Pad Lip Area It is expected that the fencing would be installed withm several months from 
approval of  the IM/IFU decision document For cost purposes i t  is assumed that access resmctions would be 
needed for 30 years 

II 2 2 2 Deed Restrictions 

Deed resmctions would be imposed to ensure that excavauon consmcuon or other high nsk activiues did not 
oc- dr w i h n  controlled areas By imposing deed resmcuons on the site contact with contammated soils and 

spreadmg of  contarmnated surface soils due to disturbance would be significantly reduced The deed 
restricuons would remam in place unul it was detemned that unrestricted use of OU 2 surface soils was 

deemed acceptable A permanent notatton would be made m the legal land record o f  the local governmental 
agency stating that Pu 2391240 and Am 241 contammauon is present at the site 

II 2 2 3 Radiological Monitonng 

Momtormg would be performed to ensure that r dioactive axborne paruculates ambient gamma field le! 

and surface water runoff from the site are not above the detemned acuon levels Momtormg would be 
conducted as part of the W E T S  site wide monitonng and would conmue for at least 30 years The 
morutormg acuvities would be reviewed every 5 years in accordance with CERCLA Monitonng needs would 
be simlar for all insutuuonal conuol options and for the no further acuon opuon 

II 2 3 ALTERNATIVE 3 ENHANCED VEGETATIVE COVER 

This alternative would cover the contarmnated soils m place in the 903 Pad Drum Storage Area The 
contammated soils from the 903 Pad Lip Area would be consolidated beneath the cover in the 903 Pad Drum 
Storage Area The site would be cleared of debns and vegetation then graded prior to the placement of the 
enhanced vegetated cover A conceptual hagram of h s  remedial altematlve I ?resented in Figure I1 2 1 

I 
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From the bottom to the top the cover would consist of a riprap layer placed directly on the tinal grade a grav 1 

laver a geotextile tabric a layer of clean imported backfill and a layer of topsoil The topsoil would be 

seeded with native vegetation Figure 11 2 2 presents a possible cross secuon of the enhanced vegetauve 

cover 

I 

Water and wind erosion would be controlled by the vegetation The vegetation would interrupt water flow 

paths reduce tlow velociues and provide surface irregularities for sediment deposition The vegetation would 

also enhance soil stabilitv The entire cover system would reduce the potenual for direct contact with the 

contaminated soils that are currently at the surface 

It IS believed that macropore flow lateral disconnnuity and biological activities (1 e burrowing and/or soil 

mxmg by earthworms rodents and ants) have conmbuted to the mobilization of contamnants in shallow 

soils at the 903 Pad and Wmdblown Soils Area The mcorporauon of the nprap and gravel layers and the 

geotextile fabric IS expected to control biological vectors and reduce precipitation infiltration 

Construction activiues to implement an enhanced vegetatlve cover would include clemng filling and 

grading material placement and revegetauon of the cover area as well as surroundng areas affected by the 

construction operanons This alternative could be implemented within a 4 month period The following 

subsections descnbe the Alternauve 3 components 

II 2 3 1 Site Preparation and Grading 

Site preparabon would include clemng operations to remove oversized debris rocks and any other obstacles 

that would interfere with the placement of the cover matenals and the final design grade Approximately 

3 200 cubic yards of plutonium contammated hllside soils would be removed placed and graded over the 

asphalt pad Standard earthmoving eqmpment such as bulldozers scrapers loaders and dump trucks would be 

used for these acuviues A water truck would be used to control dust Clemng and grading operations for the 

3 1 acre site would reqmre approximately 5 days 

Compaction beyond that provided by normal operauon of the earthmoving equipment should not be required 

The cover would have a slight grade to provide posiuve drunage without causing soil erosion To the 

maximum extent pracucal the final grade would match the exisung relauvely flat ground surface Grading 

operations would use standard earthmoving equipment such as bulldozers loaders and if clean fill is 

imported dump trucks 

I 
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The esumated time required to remove and transport contarmnated surface soils from the 3 I acre area to the 

90' Pad is approximatelv 5 days 

II 2 3 2 Installation of Enhanced Vegetative Cover 

Construction of the enhanced vegetative cover would begin with placement of the nprap and gravel lavers 

These lavers would be sized to create a capillarv break as well as a biouc barner These layers would then be 

-overed with a geotextile fabric and topped with 13 inches of clean imported fill and 12 inches of topsoil 

matenal 

The underlvmg riprap and gravel layers will serve muluple funcuons First they will provide a biotic barner 

aganst root growth and mmal rmgrauon Root penetration will stop when the roots encounter repeated air 

voids in the gravel layer The burrowing mammal species most common to the RFETS area are prame dogs 

and badgers Veither of these species will burrow through nprap or gravel Therefore the layers of nprap and 

I mavel will deter the animals from burrowing down into the contarmnated surface soils 

The riprap and gravel layers also will provide a significant increase in pore size in comparison to the relativelv 

fine gamed soils above them thereby encouraging a capillary break The capillary break will cause moisture 

to be retamed in the upper fine gramed soils which have a hqher surface tension and a negauve pressure 

within the pores of the fme gramed soil mamx Significant amounts of moisture will only percolate down into 

the relatively large voids of the nprap and gravel layers when the overlying fine gamed soils become 

saturated While the subgrade underlyng the nprap and gravel layers would not be a completely impermeable 

laver it would be a tightly compacted surface Th~s would encourage lateral dramage withm the riprap and 

gravel lavers and reduce the amount of moisture idiltrauon into the contammated soils It is also anticipated 

that the riprap and gravel layers will lunder the upward movement of worms through the contammated soils 

and into the topsoil portion of the enhanced vegetative cover 

Grotextile fabnc would serve dual funcuons m the cover First it would provide the filtermg necessary to 

segregate the overlying fine gramed soils that support vegetatlon from the underlying gravel layer Ths 

filtering action will mantam the void spaces between the two earthen matends creaung the capillary break 

The geotextile matenal will have an appropnate mesh size to m u t a m  the required filtemg between the clean 

backfill and gravel layers Second the geotexule will serve as a biouc bamer agarnst plant root growth and 

eanhworms 
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Vegetatlon will play a critical role in the enhanced vegetative cover Its soil binding properties and the 

phvsical cover it provides will be the major protection aganst wind and water erosion of the cover In 

addition vegetation removes moisture through the transpiration process Ths coupled with the natural 

evaporation process forms a moisture removal process called evapotranspiration (ET) The estlmated ET rate 

in the WETS region exceeds the average annual precipitation by as much as three times Therefore an 

enhanced ksgetatlve cover is expected to remove the majonty of the precipitauon percolation before 

miiluation would occur 

The vegetauon species would be chosen to blend with the sunoundmg species as well as their ability to 

withstand drought and erosive forces The species chosen would include cool season grasses whch will come 

out of dormancy early 111 the spnng thereby allowmg the ET process to begin early in the season Some early 

to establish species would also be mcluded to allow for early protection of the topsoil from wind and water 

erosion Seeding operauons would be performed with either a hydroseeder or a dnll seeder 

The topsoil level will include a specified proportion of gravel Thls coarser m a t e d  will help protect the 

topsoil aganst erosion by forrmng an armonng layer The topsoil will also have a specific pH range mmimal 

soluble salt content specific gradation and a proper balance of numents (e g mtrogen phosphorus and 

potassium) to encourage plant growth 

The esumated ume to install the enhanced vegetauve cover was based on an 8 hour work day using 18 cubic 

vard haul trucks (15 cubic yards assumed capacity) and assumes that a portion of the matenals will be 

stockpiled onsite pnor to grading operauons Some schedule overlap of the placement of materials is 

expected For example the placement of clean fill can begin when a sigmficant area of nprap gravel and 

geotext.de has been placed 

I 

I 

I 

I 

II 2 3 3 Operation and Maintenance 

A moderate level of long term opetatlon and mamtenance (OBrM) would be requued with the enhanced 

vegetauve cover alternauve Penodic wsual observatlon would be used to detect any areas requmng repam 

Mantenance of the enhanced vegetauve cover is expected to be fauly intensive m the short term but long 

term mantenance is expected to be mmmal Short term mamtenance would possibly mclude mulching to 

retam the seeding on the lullside re seeding of areas and control of weeds Long term mntenance would 

include revegetauon and repam of the cover due to excessive erosion or rodent and ammal intrusion 
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II 2 3 4 Site Restoration 

Some portion of the surrounding terram will be affected by construction operations These areas would be 

revegetated or at a mnimum restored to their original condiuon Standard seeding equipment and materials 

and standard earthmoving equipment would be used for site restorauon 

II 2 3 5 Institutional Actions 

Deed restrictions and access resmctions for this alternative would be simlar to those implemented for 

Alternative 2 as discussed m Section I1 2 2 2 The cover is expected to occupy approximatelv 3 acres 

Section I1 2 2 3 also describes the radiological monitonng 

II 2 4 ALTERNATIVE 4 EXCAVATION AND DISPOSAL 

This alternative would involve the excavauon o f  soils detemned to be contammated m excess o f  the 

remediauon goals continued radiological monitonng of the locauons dmng excavauon and fmal sampllng 

and analysis to confirm that the surface soils contammated above remediauon goals were completely removed 

Transportation and disposal actions would isolate the contammants from humans and the environment Site 

restoration would be accomplished with the use of imported clean bacWill and subsequent seeding o f  the 

exposed soils The estimated durauon for this alternative is 13 weeks Figure I1 2 3 presents the conceptual 

diagram for thls remedial alternauve The following subsections dew1 the Alternauve 4 components 

II 2 4 1 Site Preparation 

Site preparation would mclude a survey of the site to determme the boundaries of the excavauon Such a 

survey would lnciude a final esumate o f  the quanuues to be removed to detemne a basis for design and 

selecuon of  excavauon equpment Preparauons for haul routes laydown areas and stagmg areas would be 

made Any required boundanes of an exclusion zone and the locauon of the decontarmnauon area would also 

be detemned Pnor to the iniual bre&ng o f  ground RFETS would confirm the locauon of any utiliues that 

run through or near the site 
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II 2 4 2 Excavation and Transportation 

Evcavauon would consist of the removal of contmnated surface soils using such equipment as scrapers 
bulldozers front end loaders off road haul trucks and water trucks for dust suppression The excavated soil 
would be transported to the onsite (that is within the boundanes of the RFETS) waste management facility in 
bulk for disposal Operauons at the onsite waste management facility would include accounting for the 
volume of soils bemg delivered and verificauon that the surface soil meets the waste acceptance criteria of the 

onsite disposal cell 

Dust suppression would consist of water addition to the surface soil d u n g  excavauon operations and durmg 
project shutdown in high wmd conditions Water uucks with spray bars or spray applied foams will be used 
to mmmze dust production if needed Dust will be controlled dmng the project to the extent that no visible 
dust will be allowed Radioactive arborne particulates would be monitored durmg excavauon operations to 
assess the effecuveness of the dust control measures and to ensure that exposures to workers are as low as 

reasonably achievable (ALARAI 

Truck loading rates rather than excavatton rates will control the duratton of the excavmon and disposal 
alternative Truck loading rates are limted pnmanly by health and safety issues regardmg inhalauon of 
radioacuve arrborne pmculates dmng the loading of the trucks A healthy and safety plan will be followed 
durmg excavatlon acuvities 

Personal monitoring operauons would be conducted d w g  the start up of excavmon to determne if 
Occupational Safety and Health Adrmnistrauon (OSHA) Level D personal protecuve equipment is appropriate 
for the job Radiological control requirements whch are not regulated under OSHA will be addressed m the 
radiological work permt The safety level will impact the producuvity rates of the excavauon operations 

The esumated ume to perform thls altemauve is also based on equipment producuon rates load and haul 
umes and the esumated trip durations to the onsite landfill Time to complete backfill operauons will depend 
on the length of the haul routes from the offsite clean borrow sources and the ume r e q u d  for the trucks to 
pass RFETS secmty It is esumated that a maximum of one haul truck per 15 m u t e s  should be expected 

! 
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II 2 4 3 Disposal 
I 

Onsite disposal opuons do not currently exist at the RFETS but an onsite waste management facility is being 
designed and constructed The sitewide waste management facility will be constructed by second quarter 
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FY98 The 903 Pad and Windblown Soils Area is expected to meet waste acceptance critena for the onsite 

waste management facility 

II 2 4 4 Sampling and Analysis 

A samplmg and analvsis plan would be prepared detading activities that would be conducted to demonstrate 

clean closure and to verify that hazardous chemcals do not east  in soils A mobile laboratory equipped w~th 

analvtical chemsuy and alpha counters to measure plutonium and amenciurn could reduce project analytical 

costs and expedite turnaround umes The analytical chemsuv portion of the mobile laboratory would be used 

to venfy that soils do not contam hazardous chemcals The mobile laboratory would be removed from the site 

followmg completlon of the remediation The utility of having a mobile laboratory will be assessed during 

remedial design Vo long term radiological monitonng of the remediated site should be necessary with this 

alternative 

A radiological survey program would be performed before excavation operauons to deternune the exact areas 

requmng excavation After excavation activiues were complete confirmation samples would be taken to 

confirm that no contmnauon in excess of the remediatlon goals existed and that the site could be clean 

closed 

II 2 4 5 Site Restoration 

Site restoration would be performed with the placement of clean backfill in the excavated portion of the 903 

Pad and Windblown Soils Area. Backfill should consist of clean soils that can be easily placed and are 

capable of supportlng vegetauve growth If site restoratlon acuviues begin before the complete excavauon ot 

contammated soils the placement of clean backfill must be sequenced with excavauon acuvities Clean 

backtill should be imported to the site and stored UI an independent laydown area before the start of backfill 

operations and with enough matenal stockpiled to keep the earthmoving eqmpment busy 

II 2 5 ALTERNATIVE 5 EX SITU TREATMENT VIA STABILIZATION WITH RETURN 

TO EXCAVATION 

This alternauve consists of site preparauon excavauon of contammated surface soils ex situ treatment using 

solidification or stabilizatlon technology site restoratlon lncludmg backfilling the excavauon using the treated 

soils and revegetauon of the dsturbed areas Radiological monitonng would be performed to ensure that 
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radioacuve materials are immobilized m the environment It is expected that this alternauve could be 

implemented withm approximately 1 year not including the ume needed for treatability studies Figure I1 2 4 

presents the conceptual diagram for this remedial alternative The following subsections describe the process 

options of Alternative 5 

II 2 5 1 Site Preparation 

Site preparauon activities for this alternauve will be as described for Alternative 4 

II 2 5 2 Excavation 

Excavation of the contammated surface and confirmation sampling and analysis of the excavauon will be 

as described for Lutemauve 4 (Section I1 2 4) 

II 2 5 3 Ex Situ Solidification and Stabilization 

Initially contanunated soils could be excavated and transported by uuck 3 an onsite tre tment facility 4t the 

treatment facility soils would be fed into a mixer and combined with stabilizauon reagents Depending on the 

system used one or more dry or liquid reagents would be added to the waste ~fl the mixer Actual rmxmg time 

would depend on the process the batch size and the types of reagents used Afterward the soilhmder 

mxture would be discharged or removed to an intermediate cmng area or duectly to a shpment staging area 

The treatment facility would be located to mnimize the distance from the acme excavauon A transportable 

system could be relocated as the remediauon proceeded to vanous areas of the OU Typical processmg rates 

for a slngle mobile system can be as hgh as approximately 40 cubic yards per day based on two operating 

shifts per day Using ths rate it would take one mobile processing system approximately 1 year to process the 

12 000 cubic yards from beneath the 903 Pad and the 3 1 acre contammated area on the hillside 

Process reagents would be provided in mobile bulk traders and smaller bulk containers dependmg on the 

requlred quanmes Use of bulk traders and contamers would rmnumze the area requtred for processing 

Requlred uuliues typically would include elecmcal power at 480 volts AC and 100 amperes and 

mtemttently process water at 10 gallons per mnute Approximately 35 gallons of water per cubic yard of 

soil would be required dependmg on the binder formulauon 

I 

I 

II 26 



Document Vo RF/ER 95 01 I6 L V 
Interim Measureshterim Remedial Action Decrsion Document 

II 2 5 4 Site Restoration 

Sit2 restoration would involve the placement of the stabilized soils and imported backfill in the excavated 

portion of the 903 Pad and Windblown Soils k e a  4fter backfilling the stabilized soil a shallow soil cover 

would be placed and seeded to establish an erosion resistant surface cover The backfill will consist of 

approximatelv 2 5 feet of clean soils that are placed contoured and seeded to support vegetative growth 

II 2 5 5 Institutional Actions 

Deed restrictions and access restrictions for this altemauve would be simlar to those implemented for 

Alternative 2 as described in Section I1 2 2 Radiological monitonng for both =borne paruculates ambient 

gamma field monitoring and surface water runoff would also be conducted as descnbed in Sectlon I1 2 2 
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II 3 DETAILED ANALYSIS EVALUATlON CRITERIA 

4 detailed evaluauon was conducted to select the preferred IMlIRA The provisions contamed in Section IY C 

of the 14G were followed to perform the detiled analvsis because the Iu/IRA will be consistent with the final 
remedv for the surface soils in OU 2 The IAG selection criteria are consistent with the statutorv mandates ot 

CERCL 4 Section 12 1 and the nme evaluation criteria presented in the NCP An explanation of the evaluation 
cnteria used for the selecuon of the preferred IM/IRA is provided below 

The performance objectlves m Secuon IX C of the IAG require the IM/IRA to 

Protect human health and the environment 

Complv with ARAFts unless a waiver is jUSUfied 

Be cost effecuve 

Utilize permanent soluuons and alternate treatment technologies or resource recovery 

technologies to the maximum extent practicable 
Address the preference for treatment as a prmcipal element 

In assessmg the remediation alternauves the following items were considered 

Long term uncertatnues associated with land disposal 
Goals ObjeCtiVeS and requlrements of the Solid Waste Disposal Act 

Persistence toxlcity mobility and propensity to bioaccumulate the hazardous substances and 

their constituents 
Short and long term potenual for adverse health effects from human exposure 

Long term matntenance costs 
Potenual for future remedial acuon costs i f  the alternauve should fad 
Potenual threat to human health and the enwronment associated with excavation transportation 

and rechsposd or contatnment 

The nme evaluauon cntena used to compare the vanous alternauves with respect to the above menuoned 
performance Objectives are listed m Figure I1 3 1 Descnpuons for each evaluatlon cntenon are provided 

below 
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The following two threshold criteria are mandatorv requirements that must be satisfied for an alternative to be 

selected 

(1) ~ is the ability of an alternative to adequatelv 

elimmate reduce or control the chemcal and radiological risks associated with each exposure pathwav 

The alternatives were assessed to determne both long and short term n s b  to human health and the 

environment In h s  way ALARA charactenstics of each altematwe could be compared The 

radionuclide concentrauons for a 15 mrem annual exposure were established as the remediauon goals for 

protecung human health Compliance with this evaluauon mterion is based on an alternative s abilitv to 

isolate the contarmnated media in excess of the allowable concentrations so that human health and 

environmental exposures are elimnated 

(2) is the ability of an alternauve to satisfy the requirements specified in the 

ARARs The altemauves were assessed to detemne if the identified ARARs will be satisfied or 

provide grounds for invokmg a waver Table I1 3 1 lists the potenual locmon and acuon specific 

ARARs and TBCs for each alternatlve 

Pnmarv balancing cntena are used to idenufy and compare the major tradeoffs among the alternatives The 

balancing cntena allow the alternaves to be ranked and to determme the preferred IMmzA Balancmg cnteria 

include the following 

(1) is the anucipated ability of an alternauve to miilnfiiln 

reliable protectton of  human health and the environment over ume once the IM/IRA objectives are 

met Alternaves were assessed to deterrmne the long term effecuveness and permanence they afford 

along with the degree of  certsunty that the alternauve will prove successful Factors that may be 

considered m this assessment mclude the magmtude of  residual risk remnmg from untreated waste 

or from treatment residuals of  the remedial acuviues The adequacy and rehabihty of controls necessary 

to manage treatment residuals and untreated waste such as contamment systems and insutuuonal controls 

were also considered 
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(2, is the anticipated performance of any 

treatment technologies Alternauves which employ treatment were assessed for their ability to reduce 

toxicity mobility or volume of waste or residuals 

(3 i is the time required to achieve the IM/IR 4 objectives and assess the adverse 

human health and environmental impacts resulung from implementauon of the alternauve The 

alternatives were assessed to detemne their short term effectiveness by considenng the following 

Short term risks that rmght be posed to the community d u n g  implementation of the alternative ii e 

ALARA concerns) 

Potential impacts on workers during implementation of the altername 

The effectiveness and reliability of protective measures 

Potenual environmental impacts of the alternative 

The effectiveness and reliability of mitlgauve measures d u n g  implementauon 

The time required to achieve protection 

(4) is the technical and adrmnisuauve feasibility and avalability of matenals and 

services required to implement an alternauve The alternauves were assessed to determine the ease or 

difficulty of their implementauon by considenng the followmg factors 

Technical feasibility including technical difficulues and unknowns associated with the construction 

and operation of a technology 

Reliability of the technology 

Ease of undenakmg addiuonal remedial acbons (if requlred) 

Ability to monitor the effectweness of the remedy 

(5) Q s t  is the amount of funds required to implement an alternauve The alternauves were assessed to 

d e t e m e  capital costs mcludmg both duect and induect costs The operaung costs associated with 

treatment would likely be realized over a penod of less than 1 year Therefore these operatmg costs 

were inciuded as capital costs Longer term O&M costs were evaluated with a present worth analysis 

over a 30 year penod The annual mflauon rate was assumed to be 3 5 percent 
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Modifving criteria reflect the concerns of the regulators and the community The\ critena will not be enurelv 

known until the public comment penod is over These criteria will be considered along with any new 

informauon when preparing the responsiveness summary and mav result m the modification of the preferred 

IM/IRA Modifving cnteria mclude the following 

(1) is the ability of the preferred I W R A  to address all of the concerns 

rased by the regulatory agencies These mclude the agencies posiuons and key concerns related to 

the preferred IM/IRA and other alternauves and agency comments on compliance with the ARARs or 

the proposed use of wavers These concerns are discussed in ttus IM/IRA decision document and will 

be considered during preparauon of the responsiveness summary 

(2) refers to the public s general response to the preferred I M R A  descnbed m 

thts IMARA decision document including community support or opposiuon to the preferred IM/IRA 

alternauve These concerns will be considered when prepanng the responsiveness summary 

II 4 DETAILED ANALYSIS OF ALTERNATIVES 

The detaded analysis of  altemauves considered the relekant information and resulted m the selecuon of a 

remedial alternative for the 903 Pad and Windblown Soils I M A M  Individual alternauves were assessed 

agmnst the evaluation criteria presented m Secuon I1 3 A comparauve analysis among the alternauves to 

assess the relatrve performance of  each alternauve with respect to each evaluauon cntenon was also 

performed 

I1 4 1 INDlVlDUAL ANALYSIS OF ALTERNATIVES 

The following secuon presents an mdividual assessment and summary profile of each alternauve agsunst the 

evaluauon cntena presented in Secuon I1 3 Each altemauve was evaluated a g m t  the threshold cntena 

which address overall protecuon of human health and the environment and compliance with ARARs 

Alternauves that did not meet the threshold critena were elimnated from further considerauon Alternauves 

which met the threshold cntena were then rated usmg the pnmary balancmg cntena. The alternative was 

given a rating of low medium or high for the threshold cntena. Ngh s i p f i e s  the alternauve meets all of the 

factors related to the critena while low signifies that the alternauve only mmmally meets the cnter a 
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II 4 1 1 No Further Action Alternative 

Overall Protection of Human Health and the Environment 

The no further acuon alternative would not adequatelv protect human health and the environment This 

alternative would not be protective o f  human health and the envuonment because radioactive contmnants 

present in surface soil would not be reduced to meet remediation goals for any of the exposure pathwavs The 

alternauve was retamed for comparison purposes only to allow the other alternatives to be ranked agrunst a 

baseline 

Compllance with ARARs and TBCs 

Although the no further acuon alternauve is expected to comply with the locauon specific and action specific 

ARMS and TBCs listed in Table I1 3 1 this alternatlve will not comply with chemcal specific TBC criteria 

identified for Pu 239/240 and Am 241 Even though the no further acuon alternauve does not meet the 

threshold criteria the primary balancing cnteria were evaluated to provide a baseline comparison in 

accordance with €PA guidance (EPA 1988) 

Long Term Effectiveness and Permanence 

The no further action alternative will not meet remediiuion goals it will allow the potential mgrauon o f  

contaminants via surface water runoff biota, and wmd erosion Thts alternauve received a raung of  low 

because it is not effective m decreasing the radiation dose associated with the site and is not considered a 

permanent solution 

Reduction of Toxicity Mobility or Volume through Treatment 

The no further acuon alternauve does not mclude any treatment processes u) reduce the toxicity mobility or 

volume o f  c o n m a t e d  matenal Contamnants will not be immobilized and can conunue to mgrate via wind 

dspersion biota transport surface water runoff and other exposure routes The no further actlon alternauve is 

ranked as low because no treatment is provided to reduce the toxicity mobility or volume of contarmnauon 
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Short Term Effectiveness 

The risks to onsite workers and the communitv surroundrng the WETS will not change from current 

conditions with the implementation of the no further action alternative KO new or addiuonal adverse 
environmental impacts are expected However contrnued uncontrolled contmnants m the surface soil mav 
impact wildlife and surface water in the OU 2 area Yo mugation measures or special controls will be 
implemented and no dlrect or indirect effects will be caused by the implementatlon of the no further action 
alternauve This will not impact natural historical and/or cultural resources For th~s criterion the no further 
action alternauve receives a high raung because there is no significant impact to consmctlon workers and the 
public from the implementatlon of this alternative 

Implementability 

The no further action alternatlve is easy to implement and receives a hgh ranlang for this cntenon A sitewide 
radioachve alr monitonng program which would be needed for h s  alternatlve already exists Additional 
ambient gamma field monitomg and surface water runoff sampling will be required The no further action 
alternative will not impact any future remedial actlons of subsurface soil andor groundwater in the OU 2 area 

costs 

Table I1 4 1 provides a summary of the rough order of magnitude (ROM) cost estlmate developed for each of 
the alternatives evaluated in the DAA Back up informauon for the cost estlmate is provided rn Appendix C 
For the no action alternative there are no capital costs The annual O&M costs for sampling and analysis and 
site rnspections are esumated to be $153 260 The present worth of this alternave is esumated to be 
$? 391 032 These costs are based on a 30 year O&M period 

II 4 1 2 Institutional Controls Alternative 

Overall Protection of Human Health and the Environment 

The institutional controls alternauve is not protecuve of human health and the environment because the three 
exposure pathways would not be elimmated and remehatlon goals would not be met Although the alternauve 
may reduce the potenual for humans to come in contact with the contarmnants the alternauve would not 
reduce the radiation dose posed to human health and the enwronment or elimrnate the following contamnant 
uanspon mechmsms wmd dispersion surface water runoff or biouc EransporL 
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Table II 4 1 
OU 2 IMARA Draft Cost Estimates for Remedial Alternatives 

~~ 

Excavation and 

Stabilization 
Enhanced Excavation and Ex Situ 

No Further Action Vegetative Cover Onsite Disposal 

Capital Costs $0 $3 253 008 $9 369 378 $4 736 449 

Annual O&M $1 53 260 S179 948 $0 $1 70 307 

Present Worth 
O&M 

Present Worth 
Total 

$3 391 032 

$3 391 032 

$3 947 909 

$7 200 91 7 

$0 

$9 369 378 

$3 770 592 

$8 507 041 
~~ 

Based on 22 000 cubic yards Actual volumes are probably lower 

Compliance with ARARs and TBCs 

The institutional controls alternauve is expected to comply with locauon specific and acuon specific ARARs 

listed in Table I1 3 1 but will not comply with chemcal specific TBC cntena idenufied for Pu 239/240 and 

Am 241 Exisung residual soil concentrauons for these radionuclides would reman onsite above remediation 

- goals The insutuuonal controls alternative will not be further evaluated because it does not meet the 

threshold criteria 

II 4 1 3 Enhanced Vegetative Cover Alternative 

Overall Protection of Human Health and the Environment 

The enhanced vegetauve cover alternative would reduce exposure to c o n m a t e d  surface soil so that 
remediation goals are met The alternative would be effective m both the short and long term for protection 
of human health and the environment 

Compliance with ARARs and TBCs 

The enhanced vegetauve cover alternauve will comply with chermcal specific location specific and action 
specific ARARs and TBC cntena listed in Table I1 3 1 No wavers and vmances are anucipated 
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1 

i 
i Long Term Effectiveness and Permanence 

The enhanced vegetauve cover alternative will meet performance objectives of the IWIRA by contruning the 

contarmnated surface soils and bloclung the potentlal contammant transport mechanisms of biotic transport 

surface water runoff and wind dispersion The geotextlle gravel and riprap layers would act as a biotic 

barrier to keep burrowing animals and roots from penetratmg into the contammated soils and prevent worms 

from migrating from the contammated zone into the vegetative cover materials Research results from the Los 

Alamos Vational Laboratory indicate that vegetatlve covers m semiarid environments can be very effective at 

reducing mfiltration of precipitation This would reduce the potentlal mgrauon of contaminants to the 

groundwater and reduce the potenual for groundwater contmnauon Snow melt is the pnmary concern m the 

RFETS region and could reduce the effecuveness of this alternative durmg a short penod each year 

However the expected frequency in conjunction with adequate design would not be expected to have a 

significant impact on groundwater recharge or quality 

This alternative is considered a permanent soluuon because the contammated soils will reman onsite in a 

controlled environment Land use resmctions will need to be incorporated into the RFETS wide land use 

plan All long term management monitonng and O&M as discussed in Secuon I1 2 3 will be performed 
with few difficulues and uncertamtles because convenuonal postclosure care equipment and personnel are 

read ly avilable Cover frulure due to catastrophic events such as an earthquake or flood is unlikely The 

enh,xed vegetative cover alternauve is rated as medium for this cntenon because it is effecuve m meeting 

performance specifications but sull reqmres O&M 

Reduction of Toxicity Mobility or Volume through Treatment 

I 

The enhanced vegetauve cover alternauve will reduce the mobility of the contarmnants from wmd dispersion 

surface water runoff and dlrect human contact The cover will also reduce the potenual for contammation 
rmgration via biota such as plants burrowing animals and earthworms By limung the mfiltratlon of surface 

water the cover wdl reduce the potentral for contammation to migrate to the subsurface soils and groundwater 

Since the surface soils will not be treated there will be no reducuon in the toxicity or volume of contarmnated 
matenals Therefore this altemauve is rated as medium The mobility of the contamrnants 1s reduced but no 

treatment of contamnants is provided to reduce the toxicity or volume of contammuon 
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Short Term Effectiveness 

Radiation dose to the commumty from grading and construction of the enhanced vegetative cover will be 

minimal k s k s  to onsite workers are expected to be mmimal and can effectively be controlled through 

rmtigative measures such as dust controls use of personal protective equipment limtlng worker exposure 

durations adhering to OSHA standards locating and deacuvating underground and aboveground utilities 

before excavauon and prepmng and abiding bv a health and safety plan Adrmnistrative and engineering 
controls will mitigate release of radioactive arborne particulates d u n g  construction Ax monitoring will be 
performed dunng construction activities to confirm that the rmtigation measures are effecuve A contingencv 
plan will be prepared for managing unexpected conditions 

The physical disruptions due to construction will temporanly lirmt the use of the 903 Pad and Windblown 

Soils Area Vegetation wildlife and surface water may be temporanly disrupted due to traffic changing 

dramage patterns and soil erosion with the implementation of this alternauve Traffic controls erosion 

control measures and restoration o f  the remediated area should limit environmental impacts Special controls 

for the protection o f  wetlands flood plams cntical habitats and endangered species will not be requlred 

Soil and matenals used to construct the enhanced vegetauve cover will be irreversibly and rretnevably 

c o m t t e d  The indlrect impacts from the construcuon of the vegetative cover will include a small short 

term mcrease in traffic positwe impact to the plants and animals living around the area and a rmnimal impact 

to local hydrogeology The enhanced vegetative cover alternative is rated medium because small temporary 

impacts to traffic the site and onsite workers will be expenenced from the consmcuon of the cover 

Implementability 

The vegetative cover can be r e d l y  implemented based on the sloping grade of the site No specific site 

conditions should reduce the implementability o f  this alternative Only conventtonal construction methods 

and procedures are antlcipated Borrow sources for the soil requlred to consuuct the cover should be readily 

avadable onsite or locally offsite No unique design attnbutes matenals equipment or construction 

t e c h q u e s  would be reqrured This altemauve requues equipment and labor slulls that are available in the 

Denver area It should be acceptable to the regulators because it is effecuve implementable and has been 

proven at other sites in semand enwronments 

The enhanced vegetauve cover alternauve could be implemented m an expedrted manner No treatability 

tesung or site specific design studies will be requlred to implement the vegetauve cover 
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Consuucuon of  an enhanced vegetative cover limts access to subsurface soils and groundwater in the area that 

is covered Future .remedial acuvities of subsurface soil and/or groundwater may be adversely affected by the 

presence of  a vegetative cover in the 903 Pad and Windblown Soils k e a  The enhanced vegetauve cover 

alternahve receives a hrgh ranlung for implementability The cover can be constructed with readily avalable 

equipment and materials with no need for treatability tesung 

1 

costs 

The esumated capital cost of  the vegetauve cover is approximately $3 253 008 for the 4 0 acre cover area The 

O&M costs would be moderate due to penodic inspecuons and potential repars of any erosional damage 

Long term a r  radiological and surface water momtonng would be required Annual O&M costs are 

eshmated to be 9 179 948 and the totj present worth of  this alternative is esumated to be $7 200 917 A 
summary of  the cost estimate is provided in Table I1 4 1 AppenQx C provides the cost estimate detals 

II 4 1 4 Excavation and Disposal Alternative 

Overall Protection of Human Health and the Environment 

Excavauon and onsite d~sposal of contammated surface soil would reduce surface soil concentrations of 

Pu 239/240 and Am 241 to meet remediauon goals The soil would be excavated and disposed of to maximze 

short and long term effecuveness and to reduce nsks to human health and the environment 

Compliance With ARARs I 

The excavation and d~sposal alternauve will comply with chemcal specific locaoon specific and action 

specific ARARs and TBC cntena No wavers and vanances are anucipated 

Long Term Effectiveness and Permanence 

The excavation and disposal alternatlve will meet remediahon goals Contmnated soil would be removed 

from the 903 Pad and Wmdblown Soils Area. Thus the exposure pathways would be elirmnated Long term 

management monitonng and O&M would not be requred The excavatlon and disposal alternauve is rated as 

hgh because the contammated soil would be removed from the site 

I 

n 44 



Document Vo RNER 95 01 16 L V 
Interim Measureshterim Remedlal Action Decision Document 

Reduction of toxicity Mobility or Volume through Treatment 

The excavation and disposal alternative does not utilize treatment to reduce the toncity mobilitv or volume 

of contaminated soil The contammated medium is removed from the 903 Pad and Windblown Soils Area 

thus eliminaung the risks at this area The risks associated with the contammated soils are transported to 

another locauon where the ultimate reduction of mobilitv will depend on the effecuveness of  the disposal 

facilitv The alternative also will involve volume reducuon through field sampling and soil segregauon This 

alternative is ranked as medmm because no treatment of contarmnants is provided to reduce the toncity 

however reduced mobility of contarmnants and volume of contammated soils is expected 

Short Term Effectiveness 

The short term nsk to the community from the excavation and disposal alternatlve would be rmnimal 

Applicable controls rmugatlon measures construction worker nsk special controls and temporarv 

disrupuons are similar to those dmussed for the enhanced veptauve cover short term effecuveness 

Matenals that are irreversibly and irretnevably commmed for this alternatwe will include fuels consumed 

during the collectlon and hading of  the contarmnated soils plus the space in the onsite landfill and the soils 

and matenals used to construct the landfill The indirect impact from the excavation and disposal alternauve 

includes positive impacts to the plants and arumals living around the 903 Pad and Windblown Soils Area in 

the short term Plant and animal impacts in the area will be rmnimal in the long run because of  rehabitation of 

the area Also a m i m a l  impact to local surface water hydrology is expected No land use resuictions will be 

requrred The excavauon and &sposal alternauve is rated as medium because there will be a small short term 

Impact to traffic the site onsite workers and the nsks due to the vansportauon of  contammated matenals 

Implementability 

Future remedial achons o f  subsurface soil andor groundwater in the OU 2 area urlll not be impacted by the 
implementauon o f  the excavatlon and disposal alternauve While issues may exist with respect to obtaning 

the necessary approvals and pemts they are not believed to be insurmountable The low level radioacuve 

contammated rnatenal could be stored in contiilners untll the onsite &sposal facility is ready or could be left in 

place Requred eqrupment and slulled workers for consmcuon and operauon of this alternauve should be 

avalable No constructability issues due to site condmons are anucipated 
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4dequate onsite disposal capacity does not currently exist at RFETS However a sitewide waste management 

facilitv is currently being designed and permitted This facility is scheduled to be ready to receive remediation 

wastes in second quarter FY98 Onsite disposal is preferred over offsite disposal (RMRS 1994) 

Implementabilitv is contingent upon regulatory approval for the onsite disposal facilitv The 903 Pad and 

Wind Blown Soils program would be expected to demonstrate that the contammated surface soils are m 
compliance with the waste acceptance cnteria for the sitewide waste management facility The excavation 

and disposal alternative is ranked high for implementability because it will be easy to implement (if the 

sitewide waste management facility is pemtted and consuucted) 

costs 

Table I1 4 1 provides a summary of  the cost esumate for each alternauve and Appendix C provides back up 

mformation for the cost estimate Capital costs for the excavauon and disposal alternmve include costs 

associated with excavation sampling transportauon onsite disposal and regrading with clean backfill Costs 

for contamer storage of surface soils is not included The capital costs are esumated to be $9 369 378 The 

excavation and disposal alternattve would not mcur any annual O&M costs and therefore the total present 

worth of  h s  alternauve is $9 369 378 

II 4 1 5 Ex Situ Treatment via Stabilization with Return to Excavation Alternative 

Overall Protection of Human Health and the Environment 

This alternative was detemned to be protective o f  human health and the environment because remidiation 

goals would be met in surface soil The alternauve is effective in reducing short and long term nsks to human 

health and the envuonment 

I 
Compliance with ARARs 

The ex situ treatment via stabihzmon with retum to excavauon alternative is expected to comply with 

chemcal specific locatlon specific and actton specific ARARs and TBC Cntena No wavers or vmances are 

antlcipated 
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Long Term Effectiveness and Permanence 

This alternative will meet IM/IRA remediation goals bv reducing the potential for contarmnant mgration and 

reducine exposure pathwavs Confirmation samples will be taken dunng the enttre processing period to 

ensure that all btabihzed matenals meet quality assurance standards The long term use of the 903 Pad and 

Windblown Soils Area will not need to be restricted 

Stabilization has been proven to be effectlve at immobilizing metal contmnants in soils at full scale 

Radioactive metal and metal oxlde contmnants that occur in commercial nuclear power plant hqmd and solid 

wastes have been successfully solidified and/or stabilized 111 the Umted States for shallow land disposal during 

the past three decades using cemenutlous binders and more recently with biturnnous binders Bitumen has 

been commonly used for a longer time m Europe and Asia for these types of wastes Cemenuuous and 

pozzolmc bmders have been successfully used dunng the past decade for the sohdificauon and stabilization 

o f  metal and organic contammated hazardous wastes including soils 

The commercially avalable stabilization processing equipment is considered reliable O&M of  the processing 

equipment will be required dunng treatment for this alternauve The ex situ treatment via stabilization and 

return to excavation alternative is rated as high because it is an effective and permanent solution 

Reduction of Toxicity Mobility or Volume through Treatment 

Stabilization will unmobilize the contarmnants m the soil to reduce mobility However stabilizatlon wlll 

significantly increase the volume o f  contmnated material The ratmg for ttus alternative is medium because 

ex situ stabilization will reduce the mobility of the contammated soils but it will increase the volume of 

contammated matenal 

Short Term Effectiveness 

The nsk to the commumty from the ex situ treatment via stabilizauon and return to excavatlon alternauve is 

mnimal Applicable controls miugauon measures special controls and temporary disrupuons are consistent 

with those discussed for the enhanced vegetauve cover short term effecuveness Dust controls will be 

provided to mnimize fugiuve am emissions to ensure protectlon of the commuruty Ex situ treatment o f  the 

contammated surface soil will pose physical and cherncal nsks to onsite workers because exposure from 
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process chemicals and potenually dangerous equipment could result during the handling and processing of the 

soils 

Clean backfill to cover the stabilized mass after treatment will be required to support vegetauve growth These 

materials along with fuels and process chemicals will be irreversiblv and irretrievably commtted The 
indirect impacts from this alternative will create positive impacts to the plants and animals livmg around the 

903 Pad and Windblown Soils Area and a mmimal impact to local surface water hydroloo The alternative is 

rated as medium for short term effecuveness because there will be temporary disturbances of the site and 

potential contmnant exposure to onsite workers 

i 

Implementability 

Treatability tesung will be required to determne the best chemical binders Addiuonal considerahom include 

the throughput rate of waste type of mxing equpment requlred opumum size of the chemcal feed system 

matchmg the chemcal feed system with the waste feed system and uulity and power requirements for the 

stabilization wt Compleuon of these studies could impact the implementauon of this remediation 

alternauve 

I 

1 
Treatment facility size can vary to suit the requred processing rate If desired the equipment can be 

modularly arranged to facilitate mobilizauon between processing sites However generally as the facility size 

increases the transportability of the system dimmishes and becomes more complicated 

Typically ex situ stabilizabon facilities have been operated in batch mode to accommodate the handling 

requlrements of waste packages desuned for offsite disposal Customzed ex situ treatment faciliues have 

been designed to process certam DOE wastes conunuously or in sembatch mode therefore considerations are 

needed in the process design for treatment of contarmnated soils regardmg (1) the requlrements of the fmal 

waste form total processing ume and processmg rate (2) logisucs of moving the contammated soil to the 

treatment facility or moving the treatment facility to specific areas of contammated soils and (3) potentlal 

future use of the facility for other RFETS projects 

The previously menuoned considerauons notwithstandmg an ex situ stabilizatron facility can be designed and 

implemented to process contarmnated soils that would comply with all project requirements Muluple systems 

would be antlcipated smce the throughput of a single system of th~s nature is about 2 cubic meters per hour 
Use of muluple small systems has the advantages of ease of transportation and processing rate versaulity The 
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components of this system could be moved to vmous locauons using a flatbed and/or fork truck A modular 
svstem (or systems) with hgher throughput could be designed and purchased or leased to treat contaminated 

soils This tb-pe of system would be moved bv flatbed and/or crane and would mvolve more time to bet up and 

t2ar down between operational sites than the smaller svstems A fixed plant may also be considered but will 

involve sempermanent or permanent allocation of real estate 

Reagents for use by a stabilization plant could be supplied through bulk traders or containers Contamers for 

the stabilized product if used will require a storage area near the processing site Analytical laboratory 

services will be requlred for product quality control and could be contracted or provided by existing RFETS 
facilities 

The placement of stabilized wastes on the surface of the 903 Pad and Windblown Soil Area may restrict future 

remedial actions of subsurface soil and/or groundn 1 

compliance to the waste acceptance cntena Ths cli-em--i. is rated as medium for implementability because 

treatability tesung and a longer implementation schedule are requlred 

n th~s area. The waste will need to demonstrate 

costs 

Capital costs for this alternative include excavation stabilizauon uansportauon backfill and gradmg The 

total capital costs are esumated to be $4 736 449 as shown in Table I1 4 1 Annual mamtenance costs which 

include site inspecuons and sarnplmg and analysis are estimated to be $170 307 Detals of the cost estimate 

are provided rn Appendix C The present worth of this alternauve is estimated to be $8 507 041 

I I  4 2 CONCLUSIONS AND RECOMMENDAT ONS 

The analvsis determsned that both the no further action and institutional controls alternatwes should be 

elimmated from further considermon in the comparative analysis of alternauves because they did not meet the 

threshold cntena However the no further achon alternative will be rncluded 111 the comparauve analysis as a 

baseline The remanmg three alternatlves are also considered in the comparauve analysis enhanced 

vegetauve cover excavation and disposal and ex situ treatment via stabilizmon with retum to excavation 

Each of the primary balancing cntena was analyzed and scored with respect to the subtopics listed on 

Table I1 4 2 Each alternatlve was scored with a value of 1 through 5 for each subtopic A value of 5 was 

assigned if an alternauve achieved all of the requirements of the sub topic and was considered to be the best 
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alternatlve for the subtopic A value f was assigned to an alternauve if it did not meet the requirements of 

the sub topic and was considerec4 he 

requirements of a subtopic in cornpart 7 LO the other alternatives A score of 5 equates to the high rating 

presented in Secuon I1 4 1 and a score of 1 represents a low rating A score of 2 3 or 4 equates to a medium 

ratmg dependent upon a comparison between alternatlves The scores for each of the alternauves were then 

added to arrive at an overall score for each alternauve The alternauve with the highest score was considered 

to be the most appropnate alternauve for the contarmnated 903 Pad and Windblown Soils Area The following 

paragraphs provide the results of the cornparatwe analysis for each of the primary balancing cnteria. A 

summary of cornparatwe analvsis of alternauves is provided in Table I1 4 3 

Values of 2 3 and I mdicated how well an alternative met the 

I 

II 4 2 1 Long Term Effectiveness and Permanence 

The excavation and dsposal alternative scored the highest with a value of 5 in all topics because the 

contarmnants are removed from the site This results m complete blockmg of the exposure pathways and 

elimmauon of residual nsk The enhanced vegetauve cover and ex situ stabilizauon alternauves each received 

a score of 4 with respect to the rmhgauon of exposure pathways because both alternatives would block the 

exposure pathwavs Ex situ stabilization received a score of 4 for the magnitude of residual nsk because the 

remaining contmnants are being treated and theu potential mobility are being reduced The enhanced 

vegetauve cover alternauve received a score of 3 for this subtopic because the contarmnants remsuning 

mplace are not treated It was deterrmned that all of the remedml alternauves were equal to a value of 5 with 

respect to adequacv and reliability of momtonng and controls The excavatlon and disposal alternauve is 
considered to be a permanent soluuon with a value of 5 whereas under the enhanced vegetauve cover and ex 

situ stabilization alternauves the contammants would reman in place where they could under fsulure 

conditions provide a source of future c o n t m a u o n  with a value of 4 

The no further action alternative received the lowest score with a value of 1 for the mhgauon of exposure 

pathways magnitude of residual nsk, and permanence because contarmnants would be left in place untreated 

and uncontrolled Based on the analysis of this cntenon the alternauves were ranked from the hghest to 

lowest excavation and dsposal ex situ stabillzatlon enhanced vegetauve cover and no further action 

II 4 2 2 Reduction of Toxicity Mobility or Volume through Treatment 

The no further acuon enhanced vegetatwe cover and excavatlon and dtsposal alternatives all scored the 

lowest value of 1 because none of these alternauves destroy or treat any of the contarmnants contamed in the 
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soils The ex situ treatment alternatlve scored a value of 4 because whde it addresses mobility contarmnants 

were only treated but not destroyed 

The enhanced vegetatlve cover excavauon and disposal and ex situ stabilizauon alternauves all scored a 

value of 3 with respect to the expected reducuon of toxicity mobility and volume The enhanced vegetauve 

cover and ex situ stabilization alternauves will reduce mobility while the excavauon and disposal alternauve 

will reduce the volume of contarmnauon 

The no further acuon alternauve scored a value of 1 for both subtopics because thls alternative provides no 

reduction in toxicity mobility or volume Based on the analysis of h s  cntenon the alternauves were ranked 

from the highest to lowest ex situ stabilizauon excavauon and disposal and enhanced vegetative cover were 

equal and no further actlon 

II 4 2 3 Short Term Effectiveness 

With respect to the protecuon of the public duMg consmcuon the no further acuon alternative scored the 

highest with a value of 5 because no consmcuon acuvities would be performed The enhanced vegetatlve 

cover scored a value of 4 because the least amount of contarmnants would be excavated and exposed The 

excavation and disposal and ex situ stabilizatlon alternatives both received scores with a value of 3 because 

under these alternauves the largest volume of contarnmated soil would be excavated and exposed for potenual 

axborne mgration to public receptors 
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With respect to the protecuon of workers d u n g  construction the no further acuon alternauve scored the 

hghest with a value of 5 because there would not be anv construcuon activltles The enhanced vegetauve 
cover excavauon and disposal and ex situ stabilizauon alternatives scored 4 3 and 2 respectively because 

of the amount of excavauon and the amount of contact between workers and the contarmnants The workers 
would have the most contact with contarmnated matenals under the ex situ stabilizauon alternauve because of 
the excavation contact dunng processing and quality control tesung of the treated product 

The enhanced vegetauon cover excavation and dlsposal and ex situ stabilizauon alternauves will all meet the 
remedial action objectives in about the same ume (5) The no further acuon dternauvt scored low with a 
value of 1 because under h s  alternauve the remedial action Objecuves will not be realized 

With respect to the anucipated environmental impacts the no further action alternauve scored the highest with 

a value of 5 because there will not be any consuuction acuvities The enhanced vegetauve cover alternauve 
scored a value of 4 because the anucipated construcuon related impacts would be mnimal The excavauon 
and removal alternative scored a value of 3 because an excavauon would be open for a short period d u n g  
consuuction The ex situ stabilizauon alternatlve scored a value of 2 because the excavation would be open 
for the longest penod (dunng treatment) and the u 

Based on the analysis of this cntenon the alternaw 
vegetative cover excavation and disposal and ex situ stabilization 

lent system may have slight envvonmental impacts 
were ranked as follows no further achon enhanced 

II 4 2 4 Implementability 

With respect to both technical feasibility and avalabilitv of necessarv services and materials the no further 

action enhanced vegetative cover and excavation and disposal alternatives all received a score of 5 All of  
these technologies are commonly used throughout industry and at DOE faciliues The ex situ stabilization 
alternative received a score of 4 in these two subtopics because although this technology is used throughout 

indusuv and at DOE sites its effecuve operatlon is occasionally problemam and equpment is slightly more 
difficult to procure or fabricate 

In regard to the technology reliability the no amon and excavauon and disposal alternatlves score high with a 

value of 4 because these alternauves are proven effecuve The enhanced vegetauve cover alternauve scored 
slightly less with a value of 4 because engineered covers often have mnor areas where falure occurs such as 

erosional problems or burrowing animals The ex situ stabilizauon alternauve scored the lowest with a value 
of 7 because there have been stabilizauon projects that have not reached full potential (I e OU 4 pondcrete 
project) because of probiems associated with quality control or scale up from a pilot scale to a full scale 
ueatrnent svstem I 
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No further acuon enhanced vegetatlve cover and excavatlon and disposal rated the highest with a value of  5 

for avrulability of serwces and matenal This is because servlces and matenal are readily available for these 
remediation alternatlves Ex situ stabilizauon is rated at a value of 4 for this because of a slight uncertamty m 
avadability of services and matenals 

With respect to the effect of the OU 2 surface soil remediauon on other future remedial actions the excavation 

and disposal alternauve rated the hlghest with a value of 5 Ths  alternative would not adversely affect future 
remediation of other media and would not requue that a future remedial acuon address surface soils The no 
further action alternauve had a slightly lower score with a value of 4 because future remedial acuons would 
not be obsuucted but remediation of surface soils may be necessary at that tlme The ex situ stabilization 
scored of 2 because the stabilized matenal could affect future remediauon of subsurface soils or groundwater 
The enhanced vegetative cover altername scored a value of 2 because it involves the largest volume of 
matenal that would need to be removed if it became necessary to gam access to the subsurface soils or 
groundwater for a future remedial actlon 

Based upon the analvsis of this cntenon the alternauves were ranked from the highest to the lowest 
excavation and disposal no further action enhanced vegetauve cover and ex situ stabilization were equal 

11425 cost 

With respect to capital cost the no further actlon alternative scores the hghest with a value of 5 because no 
capital costs would be expended The enhanced vegetative cover alternauve and the ex situ stabilization 

alternative received a score of  3 because their capital costs are more costly than the no further acuon 

alternauve The excavation and disposal alternauve scored a value of 1 because its capital costs are 
considerably more costly than the enhanced vegetative cover and the ex situ stabilizauon alternatives 

For O&M costs the excavauon and disposal alternative received the highest score with a value of 5 because 
this alternative would not require O&M expenditures The no further actlon enhanced vegetative cover and ex 
situ stabilization alternauves would requre monitonng because contammated matenals would be left in place 
These alternatlves would have simlar monitonng requirements and simlar costs All alternauves scored a 

value of 3 because the costs would be sipficantly higher than the O&M costs associated with excavation and 

disposal 

Based upon the analvsis of this cnterion the alternatives were ranked from the highest to the lowest no further 
action enhanced vegetative cover excavauon and disposal and ex situ stabilization were equal 
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II 4 2 6 Regulatory Agency Acceptance 

Regulatory agency acceptance of the selected altern 
period 

will not be known until after the public comment 

II 4 2 7 Community Acceptance 

Communitv acceptance of the selected altername will not be known untd after the public comment penod 

II 4 3 SELECTION 

Based on the results of the analysis of alternauves summanzed in Table I1 4 1 the DOE determmed that the 

excavation and disposal of the contammated surface soils m the onsite waste management facility should be 

the preferred I M A M  alternauve for the 903 Pad and Wmdblown Soils Area The excavauon and disposal 

alternauve is proposed for implementahon because it will aclueve or maximze the following IM/IRA 

objectives 

Potenual exposure to contammated surface soils via direct contact, ingestlon and inhalation will 

be elimnated due to the removal of the contammauon source 

The alternative will meet the idenhfied ARARs and TBCs 

Future remediauon alternauves for subsurface soil or groundwater (if necessary) at OU 2 will not 

be adversely affected 

The excavauon and d~sposal alternauve is consistent with the DOE goal of centrally locating 

contarmnated media m a controlled and monitored sitewide waste management facility 

Generauon of new waste requinng treatment and disposal will be mnirmzed 

The spread of contammants durmg construction will be mnimized 

The altername is cost effective based on a present worth analvsis because long term momtonng 
and mamtenance are not requmed 
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II 5 EXPLANATION OF SIGNIFICANT CHANGES 

This section presents the funcuonal and design reqmrements for the proposed alternative and discusses the 

suategv for implementation 

II 5 1 DESIGN BASIS FUNCTIONAL REQUIREMENTS 

The following functional objectives have been idenufied for the proposed excavauon and disposal alternauve 

The surface soil remediatlon design shall assure that all surface soils above remediation goals are 
remediated 

The gas detoxlficauon bmldmg Building 952 withm IHSS 183 shall be removed 

The remedial design shall prevent the erosion o f  surface soil dunng extreme precipitauon events 

The surface soils shall be remediated to control rmnimize or elimmate to the extent necessary to 
protect human health and the envlronment the release o f  regulated waste constituents leachate or 
contammated runoff to the surface water or the atmosphere 

The excavation and disposal activiues shall be conducted in a manner that mmirmzes exposure to 

environmental hazards 

The excavation and disposal remedial acuon shall be designed to elimnate the mgrauon o f  

PU 2391240 and Am 241 in surface soil via arborne particulates biouc transport and surface 
water and the need for long term management or mamtenance 

The closurelremediauon design shall not impede any future remedial acuons in the OU 2 area 

The closurehemediation design shall mantam accurate records for contarmnated soil including a 
manifest to document the proper classification and disposal o f  the matenal 
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The following design cntena have been identified for the proposed alternauve 

The excavauon and disposal action will provide a storm water management system for dewatenng 
and surface water control dunng consuucuon 

All excavated soil shall meet the waste acceptance cntena of the sitewide waste management 
facility 

The excavated material shall be transported to the sidewide waste management facility m 
accordance with RFETS standards 

The sitewide waste management facility is being designed under a separate project 

Contammated surface soils will be excavated unul the concentrauon of contammants in soils are 
below remediatlon goals 

Excavauons shall be backfilled with clean imported backfill and regraded to natural topographic 
contours to mnimize the erosion of surface soil 

The design for the remedauon shall include specificauon of procedure to prevent the spread of 
contammants to soil water or atr dunng consuucuon 

The design shall include rmugatlon techniques to prevent atrborne dust contammation durmg 
earthmoving and waste transfer Also dramage conrrol stockpile coverage and other measures if 
requred including collecuon and treatment of storm water to prevent surface water contammation 
shall be implemented The design shall include careful plannmg of stockpile management earth 
moving and waste transfer to prevent soil contamnabon 

The design shall meet all applicable requirements as presented in Table I1 5 1 for the following 

Interagency Agreement (IAG) for the RFETS 

Federal regulauons 

State of Colorado regulations 

DOE Orders and Drecuves 

RFETS standards and design cntena 
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II 5 2 IMPLEMENTATION PLAN 

Several steps are required to implement the selected remedial alternmve mcluchng the following 

Develop a work plan for implementauon of the selected remedal alternative 

Perform radiological surveys in the areas to be excavated to idenufy areas exceeding remediation 

goals It is anticipated that this survey will use germanium detector technology These areas 

require removal 

Excavate areas exceedmg reme&ation goals 

Perform radiological surveys and samplmg to confirm that all contammated soil was removed to 

below remediauon goals 

Complete excavation acuvities where requlred 

Transport contammated soil to proposed sitewide waste management facility 

Backfill excavauons with clean imported backfill 

Regrade and seed affected areas 

Implement erosion conuol measures 

Develop report to document compleuon of excavation activities 

Table I1 5 1 presents the ARARs for the selected alternative specifying the implementauon strategy 

I1 59 
I 



Document No RFIER 95 Oil6 UN 
Interim MeasuredInrerun Remeduzl Action Decmon Documenr 

Table II 5 1 
Implementation of ARARs for Selected Alternative 

ARAR and TBC Catsgory Regulatoory Rqulnment Impkmonntrtlon/Compllance Stratsay 

Location Floodplain and Wetland 
Impacts 

Federal agenaes are to avod construction wlthin a 
floodplain or wetland unless there are no practical 
alternatives if It IS necessary to locate any of the 
remedratmn faahties wlthrn a fbodplarn 01 wetland all 
practicable measures are to be taken to mnimize any 
impads to the floodplain or wetland Actlons must 
mimmize desttuulon loss or degradatlon of wetlands 
as defined by Executive Order 1 1990 Sedion 7 A 
floodpiam or wetland assessment must be published in 
the Federal RegISter pnor to takng any achon withm the 
floodplatnfwdand to allow Bme for p u M ~  r e w  and 
comment 

A wetland assessment will be prepared 
pnor to construdion actrvules No 
floodplam have been tdenthd in OU 2 
The preferred IWIRA construd~n 
adMtleS will avord any floodplain areas 
Therefore a floodplain assessment does 
not need to be prepared and special 
precautw do not nerd to be established 

10CFR1022(CRS2512101 to2512108) 
( ApPIicaW 
33 CFR 323 (Applicable) 
33 USC 3 1344 (Appltcable) 
Executive orders 11988 L 11990 IT0 be cons ideredl 
The Secretary d the lntenor must be notrfied KI writrng 
whenever DOE fmds or is notmed in wnting by an 
appropnate historcal or archaeologtcal authority that 
the achvRles in connedlon wlth a project may cause 
meparable kas or destruction of significant sclontifii 
prehisttoncal hstorml or archadogad data Any 
data that may be lost or destroyed must be preserved 
by the DOE or the Dqattment of lntenor 

36 CFR 296 8 800 (CRS 20 80-401 to 410) [Apphcable] 
43 CFR 3 b 7 [Applicable] 
16 USC 55 469 and 470 [Applicable] 
DOE Environmental Compliance Gude (DOVEP-0098) 

Location Hstonc and Archeologrcal 
Preservation 

 HIS^ or archoologrcal sles will not be 
wnpaded as a result of wnplementing the 
prdmed IMllRA Therefore notifcations 
and provlslons to preserve artfacts are not 
required 

IT0 be conslderedl 
Location Endangered and 
Threatened Species Act 

Prachces shall not cause or contnbute to the takng d 
any endangered or threatened speaes of plants fBh or 
wldlre Talang is defined to include harassment harm 
pmul hunting wounding trapping death capture or 
colledlon Threatened or endangered speues 
mdlgenous to Colorado should be protected to maintain 
and enhance thew numbers 

50 CFR 402 8 424 (CRS 33 2 101 to 33 2 107) 
IW-W 
16 USC 5 1531 [Appiicable] 
50 CFR 17 [Appl~cable] 
16 USC 3 668 IAppkcaW 
50 CFR 10 [Applicable] 
16 USC 5 701 to 715 [Appbcable] 
16 USC 5 661 [Apphcable] 

The American kestrel and the Proble s 
meadow j~nplng mouse have been 
ldentmed in OU 2 If the 1995 habilat 
study indicates that the PreMe s meadow 
jumping mouse forages or the Amrncan 
kestrel nerrts in areas of OU 2 that wdl be 
dsturbed d u m  rem&al actnntii 
remadtation plans for OU 2 may be 
terminated or rescheduled The bald 
eagle whichisathreatenedspociod has 
been spotted above RFETS Bald eagles 
have nd  been known to inhabit or nest in 
OU 2 If the 1995 habRat study mdlcates 
the bald eagk int%&ts or nests m areas of 
OU 2 that wfi be dissurbed during remecbal 
achvlties the remediation phns for OU 2 
may be tmnated or rescheduled (See 
Appendoc A Sedlon 8 Ecology for more 
daal) If an endangered speclas IS found 
then interagency cooperation IS a TBC and 
the policy d DOE is that mteragency 

I 

coomratlon wdl be comdete 
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II 5 2 IMPLEMENTATION PLAN 

Several steps are required to implement the selected remedal alternauve mcluchng the following 

Develop a work plan for implementabon of  the selected remedal alternative 

Perform radiological surveys in the areas to be excavated u) idenufy areas exceeding remediation 

goals It is anticipated that this survey will use germanium detector technology These areas 

require removal 

Excavate areas exceedmg remediation goals 

Perform radiological surveys and samplmg to confirm that all contammated soil was removed to 

below remediauon goals 

Complete excavation acbvities where requlred 

Transport contammated soil to proposed sitewide waste management facility 

Backfill excavauons with clean imported backfill 

Regrade and seed affected areas 

Implement erosion control measures 

Develop report to document completion of excavation activities 

Table I1 5 1 presents the ARARs for the selected alternative specifymg the implementauon strategy 
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I 
Table II 5 1 (continued) 

ARAR and TBC Cabgory Regulatory Requirement Impkm~ntrtion/Compllance Strategy 

Public exposure to radionuclides resulting 
from excavation adnrrtles WJI be 
calculated dunng the detailed design 
Dust supprossnn measurements (I e 
water sprays restndon of work dunng 
perlods of hgh winds when fugniie 
particulate emssmns are wslble etc ) will 
be employed as rsquied to minimize 
ra8ionudrde em~uim IPlr monnonng 
WJI be performed during fdd activities to 
emure that aH actlvltle~ comply with the 
DOE s plan for preventton of contaminant 
dlsowsm IPPCOk 

Acton General Public Health and 
the Environment 

DOE actlvfties are to be conducted so that radlation 
exposures to members of the pubk are mainlamed 
below acceptable hmlts This proposed regulatton also 
addresses the managemen! of real and personal 
property to control exposures to resrdwl radioactive 
mate& DOE facilltles have the capability conslstenl 
wlh the types of operations conducted to monltor 
routine and nonroutine releases and assess doses 

10 CFR 834 (Proposed) r o  be considered] 

Action General Waste 
Determination 

A person who generates a sdid waste must detmine L 
that waste is a hazardous waste usmg the procedures 
identified in 40 CFR 262 1 1  An oveMew of the 
hazardous waste determination procedures is presented 
n 40 CFR260  append^ I 

4OCFR262.11 16CCRl0073.262.11)[ADPlicablel 
Any OWMW or operator of land that has been cleared of 
greater than one acre n non attafnment areas from 
wkch fugdlve emworts will be emltted shall be 
reaured to use all available and wadcal methods 

Action General Air Discharges 

Any waste streams generated dunng the 
IMllRA for disposal will be assessed for 
hazardous wastes by review of the OU 2 
RFVRI data base review d 
pmwwhstoncal records and sampkng 
and analysis (as required) 

Dust suppresston measurements (I e 
water sprays rostndnn of work dunng 
parmds d hgh winds when fugitlve 
Dartmrlate emem are mible etc 1 wll 

whch are technologically feasible and economically 
reasonable to minmue such emissions in accordance 
wlth the requrements of 5 CCR 1001 Regulation 1 
Section 111 D The RFETS is lccated in a non attainment 
area for pafflculates 

5 CCR 1001 Reaulation 1. HI D lhkcab le1 
Emisslons of radionuclides to the ambient air from DOE 
faahties shall nd  cause any member of the pubbc to 
r m e  an effective dose equwalent in excess of  10 
mrem per year above background This lwnil is based 
on an effectwe dose equlvalent as calculated per the 
lntematlonal Commisston on Aadlological Pratedm s 
PubkcationNo 26 

40 CFR 61 Subpart H [Appkcable] 
10 CFR 834 (Proposed) ro be considered] 
DOE Order 5400 5 r o  be considered] 
DOE Order 5820 2A Chapter 111 ro be mideredl 

lndustnal faalities (as deflned in 40 CFR 122 26) are 
required to submlt an NPDES Stormwater D~scharge 
Permit Application to US EPA by Odober 2 1992 This 
perm# apphtion is to identlfy the sltewlde monltonng 
program (indudtng monnonng parameters and 
kcations) for all storm water discharges 

40 CFR 122 26 (5 CCR 1002 3 122 26) [Appkcable] 

be employed as requred to minimize 
fugllive paftcthte mssions kr 
monltonng will be performed dunng fldd 
adivltii to ensure that all adivlties 
comply wlth the PPCO 

Action General Air Discharges 
(Radionuclides) 

Pubiic exposure to radonuclldes resulting 
from paenllal fuglive emsstons wdl be 
calculated dunng the detailed design 
Dust suppnrsston measurements (I e 
water sprays restridion of work dunng 
panods d high winds when fugltlve 
particulate emesions are wslble elc ) wdl 
be employed as requred to minimize 
fugltive partlculate emissions and ensure 
public exposure IS less than 10 mrem/yr 
k r  monltoring will be performed dunng 
field adivllms to ensure that all amities 
comdv with the PPCD. 
I required the sllemde NPDES permlt wll 
be modified pnor to constnrdon adMtles 
All monitoring will be done in acoordance 
with the NPDES pennlt 

Action General Storm Water 
Management 
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II 5 3 SUBSURFACE SOIL INVESTIGATION 

There is histoncal evidence that high concentrauons of volatile organic compounds (VOC) may be present in 

the subsurface soils in the 903 Pad area, potenually m a Non Aqueous Phase Liqwd (NAPL) form So that 

ground water is not conunually degraded it is necessary to remediate any known VOCs sources above acuon 

levels underneath the 903 Pad Subsurface soil remediauon acuviues at the 903 Pad will need to be closely 

coordinated with the surficial soil remediauon acuvities Such coordinauon will be beneficial since the 

amount of ume and money needed to remediate contammated soils at the 903 Pad will be m r m z e d  In order 

to proceed with a subsurface soil remediauon the data that supports the presence of VOCs m subsurface soils 

needs to be supplemented The following outlines the histoncal data along with a plan for proceeding with a 

subsurface soil remediauon 

Since drums of VOCs leaked into the soils at the 903 Pad area it is suspected that these VOCs could sull be 

present in high concentrations in the subsurface soils This is confirmed by the results of the soil gas survey 

summarized in the 

Plan/EnvlronmentalAssessmentll v 
identified areas in and around the 903 Pad where there are hgh concentrauons of VOCs The relauvely steep 

concentration gradients indicated by the soil vapor survey data suggests that NAPL is present in subsurface 

soils above the ground water table If NAPL was not present in subsurface soils or was only present 

underneath the ground water concentrauons of volaule organic vapors would tend to be more uniform across 

the 903 Pad area 

(See Figure I1 5 3 1) The soil gas survey 

The concentrations of solvents idenufied m the ground water dunng the OU 2 RFyRl mvesugation also 

suggest that NAPL is present m subsurface soils This IS illustrated by the relauvely high concentrauons of 

tetrachloroethene seen under the 903 Pad (See Figure I1 5 3 2) The solubility of tetrachloroethene is 
approximately 230 mghter The COnCentratiOn of 14 mglliter m the ground water underneath the 903 Pad is 

about 6 9  of the solubility limit Since concentrations of tetrachloroethene are above 19' of the solubility 

limit the presence of NAPL is suspected The 1% solubility lirmt is also exceeded for carbon tetrachloride m 

- eround water Therefore the ground water monitonng results from the 903 Pad suggest the presence of 

K W L  

Due to the evidence presented above it is assumed that VOCs above acuon levels are present underneath the 

903 Pad and should be remediated A focused mvesugation will be conducted to better delineate areas with 
high VOC concentrauons The 2 S I  
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1 Vm- dated June 1994 will be used as the basis for th- 

focused investigauon 

The results of the focused investigauon will then be used to develop a Subsurface Soil Remediation 

Implementation Plan (SSRP) The SSFUP will e x m n e  altemauves for remediating these sources m 

subsurface soils and a preferred altemauve will be chosen The SSRP will be reviewed and approved for use 

before remediauon of surfcial soils starts at the 903 Pad and will be implemented dunng the remediation 

I 
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A 1 DEMOGRAPHY AND LAND USE 

The population economcs and land use of areas surroundmg the WETS are described in a vicinity 

demographics report (DOE 1990) This report encompassed an area withm a 50 rmle radius from the center of 

the RFETS and mcluded all or part of 14 counues and 72 mcorporated ciues with a combined 1989 populauon 

of 2 206 500 The largest percentage of the populauon is located northwest northeast, east southeast and 

south of the RFETS (refer to Sectlon A 1 1) The current RFETS populauon consists of approxlmately 7 600 

workers onsite Land use within 0 to 5 mles of the RFETS is divided mto urban and suburban residential 

busmedindustrial and open space/agncultural Figure A 1 illustrates the current land use in the vicmity of 

the RFETS 

A 1 1 CURRENT LAND USE RESIDENTIAL BUSINESS INDUSTRIAL AGRICULTURAL AND 

OPEN SPACE 

The area west of the RFETS is mountanous sparsely populated and pnmmly owned by the LT S Forest 

Service The area east of the RFETS is generally a hgh semand plan densely populated and pnmarily 

privatelv owned Most of the populauon included m the 1990 DOE demographcs report is located withm 30 
mles of the RFETS pnmmly in the Denver metropolitan area to the east and southeast 

The majonty of residential users withm 5 mles of the WETS are located to the northwest northeast east 

southeast and south of the WETS These populauon areas are diwded mto sectors related to distance from 

the RFETS and representing compass direcuon in Figure A 2 The actual 1989 residenual population and 

projected populauon distribution within a 5 mle radius of the RFETS for the year 2010 are presented m 

Figures A 2 and A 3 respecuvely The current populauon for Sectors 1 and 2 (the FEETS and adjacent areas) 

is zero and projections for populauon growth mdicate that the region will rem= sparsely populated (zero 

c erowth is anucipated for the next 15 years) (DOE 1990) 

Most of Sector 3 and all of Sectors 4 and 5 are located outside the RFETS boundary and are therefore relevant 

to the offsite residenual exposure scenarios As discussed in Secuon A 1 2 (Future Land Use) these offsite 

regions are expected to experience significant population increases (See Figure A 3 ) The total 1989 

populauon for Sector 3 was 51 Sectors 4 and 5 contam the majority of the 1989 populauon (9 072) within a 

5 mile radius (DOE 1990) Segments E through I on Figure A 2 lie in the predommant downwind direcuons 

from OL: 2 and represent the primarv areas potentially affected by auborne contarmnauon from the OU 2 soils 

(Refer to Secuon A 3 for wind direcuon discussions) 
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Approximately 3 16 000 people reside withm a 10 mile radius of the RFETS The largest residentlal 

development is located to the southeast in the cines of Wesmnster Arvada and Wheat hdge  The citles of 

Boulder to the northwest Broomfield Lafayette Louisville and Supenor to the northeast and Golden to the 

south also contam significant residenual developments within th~s 10 mle  radius (DOE 1990) 

Businesskommercial development is concentrated near the residenual developments around Standley Lake 

south and southeast of the RFETS and near the Jefferson County Alrport approxlmately 3 mles northeast of 

the RFETS Several small businesses are located to the south along State Kghway 72 

Acuve indusmal land use within 5 mles of the E T S  includes the following operauons or acuvitles a 

sawmll and aggregate company to the north of the RFETS on State Highway 93 a sanitary landfill a paving 

companv and a rock products company south of the RFETS on State Nghway 93 and an analytlcal 

laboratory a steel fabncation company and a rock and dlrt excavauon company south of the RFETS on State 

I-hghwav 72 (EG&G 1991a) Active sand and gravel mnes lie within the buffer zone bouxrdanes (DOE 
1991d) 

Ther? are several inacuve mnmg opermons m the viciruty of the RFETS Coal was rmned in the region as 

recently as the 1950s (EG&G 1992c) The Schwartzwalder Urmum Mine is located approximately four 

mles southwest of the RFETS The mme was once the largest producer of vem type uranium ore in Colorado 

and ranked among the largest of its type in the United States (DOE 1980 DOE 1991d) The mne was closed 

in 1989 (Colorado Division of Mines 1992) Clay mming has occurred withm the RFETS buffer zone m the 

past but currently takes place outside of the facility boundanes (EG&G 1992~) 

Open space lands are located north and northeast of the E T S  near the city of Broomfield 111 small parcels 

adjoining major dramages west along the foothills and as small neighborhood parks in the clues of 

N'estmnster and Arvada Standley Lake to the east of RFETS is surrounded by Standley Lake Park 

Irrigated and nommgated croplands producing pnmanly wheat and barley are Iocated northeast of the 

RFETS near the cities of Broomfield Lafayette and Louisville north of the RFETS near Boulder and 111 

scattered parcels adjacent to the eastern boundary of the RFETS @OE 1992a) In 1987 according to 

Colorado agricultural statistics 20 758 acres of croplands were planted in Jefferson County and 68 760 acres 

were planted m Boulder County Other crops grown m the region include corn dry beans sugar beets hay 

and oats (Post 1989) Imgated corn and oats are grown north of the RFETS toward Louisville and east of the 

southern end of Boulder (EG&G 1992c) 
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Livestock ranges are operated withm 10 mles  o f  the RFETS and are uullzed to rase beef cattle supply rmlk 

and breed and tram horses (DOE 1991d) Several horse ranchng operauons and hay fields are located just a 

few mles  south o f  the RFETS (DOE 1992a) 

A 1 2 FUTURE LAND USE 

Future land use in the wcinity o f  the RFETS most likely will involve conunued suburban expansion and 

mcreased density o f  residenud and commercial land use in the surroundmg areas The expected trend m 

population growth in the vicimty of the RFETS is demonstrated by comparing the 1989 populauon data to 

populauon projections for the vear 2010 (DOE 1990) The 21 year populatlon growth profile shows tripling 

o f  the populauon m the vicmity o f  the RFETS The DOE estunates are based pnmmly upon long term 

populauon projecuons developed by the Denver Regional Council of Governments @RCOG) Expected 

populauon density and distnbuuon around the RFETS m the year 2010 are shown m Figure A 3 

The only major recent (post 1989 DOE populauon data) housmg development w i t h  a 5 m l e  radius o f  the 

RFETS is the Rock Creek project in the city o f  Supenor To date 530 occupancy permits have been issued for 

the project with a maximum o f  3 500 to 4 000 single or mulu units expected to be constructed This project 

should be completed by the year 2000 (City o f  Superior 1994) The city o f  Supenor does not expect any other 

significant growth m the area smce most of the avnlable land has been purchased for smctly open space use 

DRCOG and the Jefferson County P l m n g  and Zoning Department support thts conclusion (DRCOG 1994) 

(Jeffco 1994) 

Several areas o f  industnally zoned property are located adjacent to and near the RFETS These properties are 

not likelv to be developed in the near future due to the lack of water for fire protectlon The properues must be 

admtted to a fire protecuon dismct pnor to commercial or indusmal development To date no fire protection 

district has been willmg to accept the property and it is anucipated that these properues will remam 

undeveloped m the near future (EG&G 1992c) 

A 1 3 POTENTIALLY AFFECTED HUMAN POPULATIONS 

The current worker population at the RFETS is approximately 7 600 Most o f  these workers are involved in 

light mdusrnal and commercial operations In the near future addiuonal workers will be requlred for 

remediation and associated construction activities These activiues will range from the sampling o f  various 

media at the RFETS OUs to the construcuon of  remedial structures 

I 

I 
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The school closest to the RFETS is Witt Elementary School approximately 2 7 mles east of the buffer zone 

(approximately 5 rmles from the center of the RFETS) (DOE 1991d) All other sensiuve faciliues such as 

hospitals and nursing homes are located beyond the 5 rmle radius from the center of the RFETS Ninety three 

schools eight nursing homes and four hospitals are located within a 5 to 10 rmle radius of  the RFETS 

(EG&G 1992c) 

The nearest drmkmg water supply is the Great Western Reservoir located approximately 2 3 rmles east of the 

center of the RFETS The city of Broomfield operates a water treatment facliity immediately downstream from 

the Great Western ReservoK This water Ueatment facility currently supplies dnnlung water to approximately 

28 000 people The conunued use of the Great Western Reservou as a dnnlung water source however is 

limted The city of Broomfield has with DOE s assistance devised a plan to obtam dnnlung water from other 

sources distant from the RFETS The city of Broomfield plans to have the alternauve water supply selected 

and functiomng by 1997 

Standley Lake Park is a recreauonal area and dnnlang water supply for the clues of Thornton Nonhglenn 

Westmnster and Federal Heights The park is located 3 5 mles southeast of the RFETS Water is piped from 

Standley Lake to each city s water treatment facility Boaung picniclang and limted ovemght camping are 

pemtted at Standley Lake Park. After 1997 Standley Lake will be the closest dnnlang water supply to OU 2 

A 2 TOPOGRAPHY AND GEOMORPHOLOGY 

The followmg secuons briefly descnbe the topographical and geomorphological charactensucs of OU 2 and 

the RFETS in general 

A 2 1 ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE GENERAL CHARACTERISTICS 

The RFETS is situated along the eastern edge of the central Rocky Mountam region immehately east of the 

Colorado Front Range As shown 111 Figure A 4 the RFETS is at an average elevauon of approxlmately 5 950 

feet above mean sea level (ft msl) The site is located on a broad eastward sloping alluvlal surface that has 

been deeply incised in some areas by modem dramage systems Refer to Secuon A 4 1 for discussion of the 

dramage features The surface of the alluvium slopes gently eastward at 88 feet per mile The average 

elevatlon along the western RFETS boundary is 6 140 ft msl and slopes to about 5 700 ft msl along the eastern 

boundary 
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A 2 2 OPERABLE UNIT 2 SITE CHARACTERISTICS 

Section I 2 provides information with respect to the setting of OU 2 

A 3 CLIMATOLOGY METEOROLOGY AND AIR QUALITY 

The following two subparts of Section A 3 idenufy the site s climate topography impacts from wind 

dramage temperature and ax quality 

A 3 1 RFETS CLIMATOLOGY AND METEOROLOGY 

The climate at the RFETS is strongly influenced by the Colorado Front Range The region s semand climate 

is charactensuc of much of the central Rocky Mounmns Dry cool winters with some snow cover and warm 

relatively moist summers are typical 

Regional topography and upper level wind patterns combme to create a semand climate along the foothills of 

the Colorado Front Range Precipitation in the RFETS area occurs p n m l y  as snowfall or short duration 

thunderstorms These localized thunderstorms are generally one hour or less in durauon and their areal extent 

is usually limted to approximately one square mle (AS1 1991) Precipitauon data are collected and recorded 

by EG&G at the West Buffer Zone Meteorological Station The 1992 annual precipitauon at the RFETS was 

14 19 inches (EG&G 1992b) The long term average annual precipitauon at the RFETS is approximately 16 

inches Although WETS specific evaporauon data are limted the annual net reservoir evaporation rate at 

RFETS is esumated to be 31 inches (EG&G 1992b) 

The orientation of the Front Range affects the local winds Prevatling northwesterly winds are predomtnant at 

the RFETS and are normally channeled across the Rocky Flats pediment High velocity winds have been 

recorded at the RFETS with the highest wmd velociues occumng most frequently m the spnng Figure A 5 

illustrates the RFETS wmd frequency distnbution for 1990 1991 

The RFETS is also affected by westerly dramage winds from the Front Range These ax flows channeled 

through the Front Range canyons are especially pronounced under condiuons of saong atmospheric stability 

Dailv cycles of mounmn and valley breezes also occur at the RFETS North to south upslope ax movement is 

also tvpical for the Denver area with air flowing up the South Platte Rwer Valley and entenng the Front 
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Range canyons After sunset, the atr cools as it contacts the mountam surfaces and moves downslope 

Downslope flows converge with the South Platte fiver Valley flow and move toward L le north northeast 

Strong surface atr convections commonly produce thunderstorms dunng the summer causing severe and 

locally unpredictable anomalies in normal ax flows Late wmter and spnng condttlons can be influenced by 

chmook windstorms that move from west to east over the Conmental Divide C h o o k s  have been recorded m 

excess of 100 mles per hour (mph) at the RFETS (EG&G 1992~) 

The temperatures at the RFETS in 1992 averaged a maximum of 77 degrees Fahrenheit ( F) and a mmmum of 

18 F with an annual mean temperature of 48 8 F The recorded RFETS temperature extremes in 1992 ranged 

from 91 F m July to 4 F in January (EG&G 1992b) The meteoro1ogm.I data were collected at the 

meteorological tower located m the northwestern buffer zone Infrequent cloud cover over the region allows 

for intense solar heaung of the ground surface The low absolute humhty pemts  rapid radiant coohng at 

mght Relauve humdity averaged 46 percent for the penod from 1954 to 1976 

Special attention has been focused on the dispersion meteorology surrounding the RFETS due to the potenual 

for significant atmosphenc releases of contarmnants affecung the Denver metropolitan area Studies of atr 

flow and dispersion charactenshcs mdicate that dramage flows move toward the north and northeast along the 

South Platte River Vallev to the west and north of Bnghton Colorado 

A 3 2  AIRQUALITY 

National Ambient An Qua'ity Standards (NAAQS) have been promulgated by the EPA m Title 40 CFR Part 

50 for six pollutants referred to as cntena pollutants The CDPHE s Ax Quality Control Comrmssion has 

adopted these standards for its compliance program Areas of the state where concentrauons of any of the 

cnteria pollutants exceed the NAAQS are defined as non attamment areas 

The Denver metropolitan region is considered to be a nonattamment area for the following cntena pollutants 

carbon monoxide particulate matter less than 10 mcrons (PM 10) and ozone This nonattamment area 

encompasses all or parts of Adams Arapahoe Boulder Douglas Denver and Jefferson countles The RFETS 
is situated in the nonattamment area for all three pollutants 

R 'ne emissions of both radioacuve and nonradioactive atr pollutants have occurred from the RFETS 

primarily dunng past operauons These operauons were termmated in 1989 greatly reducing the emissions 
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There were only 12 Air Polluuon Emssion Nouces (MENS see Note below) submtted to CDPHE in 1993 

compared to over 200 in 1989 (EG&G 1994) The RFETS emssions for muogen oxides are potentially 

greater than 100 tons per year (TPY) The indusmal facilities hscussed in Secuon A 2 1 are also potenual 

sources of a r  polluuon in the vicimty of the RFETS 

A 4 SITE AND LOCAL SURFACE WATER HYDROLOGY 

Three streams Rock Creek Woman Creek and Walnut Creek dram the WETS area and generally flow from 

west to east as shown in Figure A 6 The major dramage basins recetvlng runoff from OU 2 is South Walnut 

Creek South Walnut Creek is an intermittent stream with flow occumng pnmmly after precipitauon and 

snowmelt events A description of these dramages is presented in the followmg secuon Figure A 7 presents 

the rouune surface water monitonng locatlons m the vicinity of the 903 Pad and windblown soil area 

A 4 1 PRINCIPAL DRAINAGE BASINS 

Rock Creek drams the northwestern comer of the buffcr zone and flows northeastward through the buffer zone 
to its offsite confluence with Coal Creek Coal Creek flows into Boulder Creek St Vran Creek and 
eventually discharges to the South Platte kver  Rock Creek is penpheral to the RFETS 

Woman Creek a stream onginaung west of the RFETS drams the southern buffer zone and flows eastward 
discharging into Standley Lake Mower Ditch flows from Woman Creek in the eastem poruon of the E T ' S  
and supplies Mower Reservoir east of Indiana Street (EG&G 1992e) The South Interceptor Ditch is located 
between the RFETS and Woman Creek and collects runoff from the southern part of the RFETS and diverts it 
to Retention Basm C 2 Water from Retention Basm C 2 is pumped treated (if necessary) and discharged in 
to the Walnut Creek dramage where it flows offsite via the Broomfield diversion canal Most of the 
remainmg surface water runs off into the Woman Creek dramage south of the South Interceptor Ditch Figure 
A 8 presents the extent of the 100 year floodplan for Woman Creek 

Walnut Creek is formed by the combined flows from North Walnut Creek and South Walnut Creek 

wluch dram the central and northern areas of the RFETS respecttvely An unnamed tnbutarv also 
drams the northern part of the RFETS OU 2 is drarned pnmarily by the South Walnut Creek tributary The 
three Walnut Creek mbutanes join in the buffer zone to form Walnut Creek which flows eastward to the Great 
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Western R servolr However flow m Walnut Creek is generally & v m d  around the Great Western Reservoir 

mto Big Dry Creek through the Broomfeld Diversion Ditch Figure A 9 presents the extent of the 100 year 

floodplam for South Walnut Creek 

A 4 2 SURFACE WATER CONTROL STRUCTURES 

Surface water management controls are in operabon at RFETS The West Interceptor Trench diverts runoff 

from the headwaters of North Walnut Creek via the McKay Ditch Bypass to Walnut Creek west of Indiana 

Street In addiuon to ditches and canals a senes of retention ponds has been constructed to control the release 

of RFETS discharges and to collect surface water runoff 

South Walnut Creek begms in the RFETS and receives runoff from OU 2 Runoff 111 South Walnut Creek is 

collected 111 Retenuon Basins B 1 through B 5 The runoff flows overland into the poruon of the dramage that 

is within the Protected Area The runoff enters a culvert system under the Northeast Penmeter Road and flows 

into a diversion structure located just upstream from Basin B 1 This runoff is normally diverted around 

Basins B 1 B 2 and B 3 through a bypass lme to Bas111 B 4 although it can be diverted mto Basin B 1 Basm 

B 4 has l imed storage capacity and generally passes water directly to Barn B 5 

Basms B 1 and B 2 are spill control ponds that receive water from the South Walnut Creek basm Water rn 
Basins B 1 and B 2 is kept at low levels in order to mantan capacity for spill control for the sewage treatment 

plant (STP) Basin B 7 is discharged to Basms B 4 and B 5 m accordance with the provisions of the NPDES 

p e m t  Basin B 5 is the temnal pond on South Walnut Creek Water from Basin B 5 was historically treated 

and discharged to South Walnut Creek Currently excess water in Basin B 5 is transferred by a new pipeline 

to Basin A 3 where it is treated (if necessary) and discharged to North Walnut Creek according to the NPDES 

permit the FFCA and the AIP 

A 4 3  SEEPS 

Seepage resulting from the aschargmg ground water has histoncally been observed on the OU 2 lullside 

Seeps occur at the interface of the Rocky Flats Alluvium and the Arapahoe Formauon 
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OU 2 PHASE II CMWS ALTERNATIVES COST ANALYSIS 
ROUGH ORDER OF MAGNITUDE (ROM) ESTIMATE ASSUMPTIONS 

General 
Rough Order of Magmtude esumates were conducted for each altematlve The level of deml was limted 
to this type of esumate 
Areas and volumes requmg remediaton are based on the calculauons performed on August 23 1995 by 
E F Krohn Jr and from the Final Screenlng of Process Opuons and Detsuled Descnptlons of Media 
Specific Alternauves for Operable Unit No 2 report A summary of these values is as follows 

Kllside soils Area = 3 1 acres Volume for a 20 cm excavation = 3280 CY 

903 Pad Area =3 4 acres Volume of 3 inch thick asphalt layer = 1370 CY Volume for a 40 cm 
excavauon = 7200 CY 

Equipment used for the esmate was based on locally avalable equipment Eqwpment was limted by the 
size of the site and of the stagmg and laydown areas 
Delivery Operatlons Delivery rates were esttmated on a maxlmum frequency of one wck  for every 15 
mnutes due to security checks of the trucks 
Onsite Haulmg Operatlons Onsite haulmg and handlmg costs included costs for one off road truck. one 
front end loader and a water wck 
Compacuon Costs for compacted lifts are adjusted for a 6 inch hft Therefore the areas were adjUted to 
reflect the number of required lifts for each soil layer 
Producuvity Factors Established productrwty factors for RFETS have not been mcorporated into the 
esumate 
Building Factors were not mcorporated into these esumates 

Erosion control of the surroundmg site was not considered 
In detemmng the present value of each alternauve the life of the alternave was 30 years whtle the 
merest rate was 3 5 percent A UIllfOnn gradient increase was applted to the mamtenance cost of 
approximately 3 5 percent to account for escalauon of mmtenance costs over the 30 year hfe of the 
altemmve 

NQb&&wm 
Costs were lunited to yearly mamtenance costs - 
No cost analysis was conducted for ttus altemauve - 
Esumated durauon for the enure consmct~w project is 20 weeks 
Cover matenals will be delivered one week pnor to constxucuon BCtlvlheS III the laydown area. Stockpiled 
matenals will allow construcaon to proceed without delays Stockphi matenah shall be properly 
segregated 
Layers for the enhanced vegetative cover consist of the following 

6 5 mches of excavated 903 Lip Area soils 
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18 mches of 6 mch to 10-mch angular nprap 
6 mches of 2 inch to 4 mch angular gravel 
Geotexule Fabric 

12 inches of clean soil backfill 
12 mches of topsoil/gravel adrmxture 

2 mches of pea gravel 
surface vegemve cover 

903 Lip Area sods will be excavated and transported to the 903 Pad for placement 

Esumated durauon for the enure consvucaon project IS 13 weeks 
Onsite dsposal shall consist of the following acuvihes 

Excavauon of the contarmnated soils 

Transport of the contammated soils 
Storage of the contammated soils 

Monitonng of contammated soils 

Transport of contarmnated soils 
I)lsposal of contmated  sods (Tippmg fee of $250/CY) 

Erosion Control Protecuon is requued pnor to construchon due to the delayed avatlabhty of the onsite 
&sposal facility Onsite dsposal could not occur pnor to the consuuctlon of the onsite CAMU Costs for 
erosion conuol were not calculated - 
Estimated duratlon for the enure constructron project is 22 weeks 

Wastech Inc provided esumated costs to stabilize the soils Wastech has demonstrated the ability to 
stabilize contammated sods under many condmons mcludmg DOE sites 
The 903 Pad asphalt layer wdl be size reduced mto fracuons less than 3 mches m diameter pnor to 
stabilizauon 
Course gamed sod paruclea greater than 1 mch m &ameter shall be separated and returned to the 
excavatlon pnor to stabihzauon Dry separatlon tecimques were mcorpcwated It was esumated that 20 
percent (by volume) of the soil would be > 1 mches 
It was esumated that the volume mcrease followmg stabillzatlon would be 20 percent. 
Stabilized soils were returned to the onpal excavahon 
24 mches of subsoil (topsoiYgrave1 aduuxture) shall be placed on the stabdiud soils 6 mches of topsoil 
shall be placed on top of the subsoil to support vegemve growth 
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s m N Q  AN0 ANALYSS 40 EACH 

WRmAL 

PFCCUFIEYENT RECWEFIY ON MATERIALS (e%) 

SITE OaA (13 8%) 

COMPANY G M  (1%) 

CONTINGENCY (35%) 

41 W 

41 OW 

awn 
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51 1 1  
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e1 w 
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TOTALPRESENTVALUE 3191 052 
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OU 2 PHASE I C W S  ALTERNATIVES COIT ANALYSIS 

RWWQRDERQF.YAONlfUDE (ROM) ESTIMATE 

EXCAVATION AND ONSITE DISPOSAL 
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(Lepus rownsendii i deer mouse (Peromwcus manicularus) western harvest mouse (Reithrodontom\s 

megaloris) and meadow vole (Microtus pennsvlrnnlcus) (DOE 1980) 

Commonlv observed birds include the homed lark I Eremophila alpesms) western meadowlark (Siunieli I 

neglecru) m o m n g  dove (Zenaidura milcrour7) vesper sparrow (Pooeceres grizmineus) westem lungbird 

Vvrannus renicafisi black billed magpie (Pic7 pica) American robin (Turdus migraronus) English hpanow 

(Passer domesticus) house finch (Carpodacus me~icanus) Say s phoebe (Savornts snia) barn swallow 

(Hirundo rusrica) starhng (Sfurnus vulgaris) and vellow warbler (Dendrorca petechia) C.iallards (Anns 

plarvrhvnchos) and other ducks (Anus spp ) often nested on several of the SEPs when they were in operation 

Kdldeer (Charadnus voclfems) and red winged blackbud (Agelaius phoeniceus) are found in areas adjacent to 

the SEPs Buds of  prey commonly seen in the area mclude the marsh hawk (Circus cvuneus) red truled hawk 

(Buteo jamarcensis) ferrugmous hawk (Buteo regalis) rough legged hawk (Buteo lagopus) Amencan kestrel 

(Falco spamenus) swanson s hawk (Buteo swnnsom) and the great homed owl (Bubo vrrginianus) (DOE 

1980) 

Rattlesnakes (Crotalus vindis) and bullsnakes (Puuophrs melanoleucus) are the most frequently observed 

repules Eastern yellow bellied racers (Coluber consrrrcrorfalvrvenms) have also been observed The eastern 

short homed lizard (Phrvnosoma douglassi) has been reported on the site but these and other lizards are not 

commonly seen The western panted turtle (Chnsemvs prcra) and the western p l u s  garter snake 

(Thamnophzs radix) are found in and around many 01 the ponds on the RFZTS property (DOE 1980) 

Amencan Peregnne Falcons (Fulco peregrinus) and Bald Eagles (Halraeerus leucocephalus) federally listed 

as endangered species are observed seasonally at the Site A  pa^ of  P e r e w e  Falcons has nested m the 

Flaurons a few d e s  to the northwest of the Site for several years "his species uses the Buffer Zone as 

casual foragmg range durmg the spmg summer and fall Vumbers of wmtenng Bald Eagle have been 

mcreasmg along the Front Range for the past several years Observauons of  the species at the Site and within 

the vtcinity have increased since the Basehe Study (DOE 1992) Observauons dunng 1993 (DOE 1994a) and 

1994 (DOE 1995a) showed an increase m observatlons on site The Site is considered an oppowst ic  

foragmg area for Bald Eagles The only Bald Eagle nest m the Rocky Flats wcuuty is at Standey Lake and to 

date it has not yet been used for a brood Indcauons are however the locale may eventually be used to rase a 

brood of  Bald Eagles 
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Three Colorado Species of Special Concern occur at the Slte Long billed Curlews (Numenus amencanu F y e  

casual Lisitors to the site dunng rmgratlon (DOE 1995a DOE 1993a) The Slte is not within traditional 

summenng or breeding grounds but suitable foraging habitat e x m  Greater Sandhdl Cranes (Gms 

canadensis tibidu) are frequently observed flying over the Site d u n g  spnng and fall mtgrations (DOE 199’ 

DOE 1994, DOE 1995a) While suirable foraging habitat exists and stop overs may occur at the Slte no 

individuals of h s  species have been observed on the ground foraging Amencan m t e  Pelicans iPelec7nus 

enrhrorhvnchos) have been observed at several impoundments on the Site dunng the spring and summer 

seasons (DOE 1992 DOE 1994% DOE 1995a) 

DOE 1995a 1994 Annual Wildlife Survey Report Natural Resources Protectlon and Compliance Program 

Golden Colorado Apnl24 1995 

DOE 1995b Rocky Flats Environmental Technology Site Ecological Momtonng Program 1995 Annual 

Report Golden Colorado May 3 1 1995 

DOE 1994a Resource Protecuon Program Annual Wildlife Survey Report. Golden Colorado April 29 

1994) 

DOE 1994b Ecological Uonrtomg Program Annual Report Golden Colorado January 21 1994 

DOE 1992 Baselme Biological Charactenzatlon of the Terrestnal and Aquatlc Habitats at Rocky Flats 

Plant Golden Colorado September 1992 

ESCO 1994 Report of Fmdmgs Ute Ladies Tresses and Colorado Buttefly Weed Surveys Rocky Flats 

Buffer Zone Jefferson Co Colorado September 13 1994 

ESCO 1993 Report of Findmgs Ute Ladies Tresses and Colorado Butterfly Weed Surveys Rocky Flats 

Buffer Zone Jefferson Co Colorado September 24 19934 

RMRS 1995 Special Concern Species for the Rocky Flats Enwonmental Technology Site Golden 

Colorado September 20 1995 (A lis0 
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EG&G 1993 Draft Rockv Flats Plant Wetlands and Wildlife Habitat Viugation Plan Golden Colorado 

April 1997 

C S Xrmv Corps of Engmeers 1994 Rockv Flats Plant Wetlands Mapping and Resource Studv Omaha 

Dismct December 1994 

I 

I 
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A 9 SOCIAL AND ECONOMIC RESOURCES 

The followmg 4 subparts to A 9 decal the site s potential for future use based on cultural response survevs 

visual resources recreauonal possibilmes and public road access 

A 9 1 SITE LOCAL CULTURAL AND ARCHEOLOGICAL RESOURCES 

Two large scale and at least two small scale cultural resource surveys have been completed for 5 900 acres ot 

the RFETS (EG&G 1992c) Areas excluded from survey were the inner RFETS zone now h o w n  as the 

Protected Area and all designated solid waster management units These surveys recorded 37 cultural resource 

sites and 26 isolated finds mny five sites were dated from the 1870s through the rmd 1900s and were 

associated with agriculture and ranchmg Ditches stock watenng ponds budding r e m s  a trash dump rock 

piles corrals and an orchard are examples of histonc sites (EGBrG 1992c) Two Nauve Amencan occupation 

sites were also recorded These sites consisted of low circular rock piles and a senes of linear stone 

alignments No arufacts were associated with either of these sites The 35 historic sites do not qualify for 

eligibility on the National Register of Historic Places and no eligibility recomrnendauons have been made for 

the two Native Amencan sites (EG&G 1992c) 

A 9 2 VISUAL RESOURCES 

The region around the RFETS offers a vanety of scenic expenences to users of the area due to the diversity of 

the topography and geologic formauons charactensuc of Colorado s Front Range The RFETS location also 

provides a scenic view of the Denver metropolitan area The RFETS and the OU 2 area are not considered to 

have the scenic attnbutes of the surrounding natural region The RFETS does not contam disuncuve 

landscape features to &sungush it Erom adpcent landscapes The landscape scemc quality for the RFETS is 

common in classificauon (EGBrG 1992c) 

Colorado State Highways 72 93 and 128 along with Jefferson County Htghway 17 provide the pnmary 

views from travel routes These highways as well as betng the pnncipal aansportauon routes are also the 

domnant human made features surroundmg the RFETS The numerous structures on the RFETS property 

consutute the other hlghly nouceable human made features m the area. 
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A 9 3  RECREATION 

There are several recreauonal areas tn the general vicimty of the RFETS mcludmg Standley Lake Park Boulder 

Vount;un Park Jefferson and Boulder Counues open spaces and other public lands Much of the recreauonal 

acuvity mvolves hlung climbtng biIang and other opporturuues common to large expanses of public land 

Hunung and f i s h g  are not allowed m any areas around the RFETS Vo recreational acuviues are allowed withln 

the RFETS boundanes and public access to the facility is mulcted 

A 9 4 TRANSPORTATION 

The pnmary uansponatlon routes through the region are Colorado State Highways 72 93 128 and Jefferson 

County Highway 17 Numerous county and other roads exist m the residentlal and commercial areas to the 

north east and south of the RFETS The heaviest traffic volume is on weekdays dung the morning and 

evenmg rush hours The 20 year traffic projectlon for the area north and south of the mtersectlon of State 

mghways 72 and 93 is 22 O00 average dady traffic (ADT) and 20 0o0 ADT respectlvely (DRCOG 1994) 

Access to the RFETS property is attamed by t m n g  west from Indma Avenue onto the East Access Road or 

by turnmg east from Colorado Highway 93 onto the West Access Road (EG&G 1992c) 

Central Avenue (paved) runs along the northern extent of OU 2 A &n road runs along the southern extent of 

ou 2 
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Seepage areas commonly appear to be moist or wet even though precipimon has not recently occurred 

These areas may or may not be marked by the presence of phreatophytes (plant species with roots that extend 

to the water table) The seeps are not normally pomt sources of overland flow and flow rates have not been 

esumated Visual observations suggest that most of the seepage currently evaporates or transplres 

A 5 SITE AND LOCAL SOILS 

Three types of soil have been descnbed by the Soil Conservauon Service (SCS) (1983) at the RFETS These 

soil types are designated as the following the Flauron Senes located on the Rocky Flats Alluwum the 

Nederland Series comonly located on the upper slopes flanlung the Rocky Flats Alluvium and the Denver 

Kutch Midway Senes located on slopes flanlung the Nederland soils All of these soil senes have been 

identified in the OU 2 area (SCS 1983) Figure A 10 presents a diagram of the vanous soils located withm 

and around the RFETS 

The Flatlron Senes is a cobbly sandy loam that exhibits a slow infiltrauon rate and is located on slopes of 0 to 

3 percent The Denver Kutch Midway Senes is a clay loam also exhlbimg a slow lnfiltratlon rate and 

develops on the Arapahoe Formauon claystones where slopes range from 9 to 25 percent The Nederland 

Series develops adjacent to the Flatlron Senes along the penphery of the Rocky Flats Alluvium where slopes 

range from 15 to 50 percent The Nederland Senes soil exhlbits a moderate lnfiltrauon rate All three soil 

types are paruallv obscured by fill matenals gravel or buldmgs and other structures 

A 6 REGIONAL AND LOCAL GEOLOGY 

Significant work has been conducted recently to further characterize the geology at the RFETS A Geologic 

Characterizauon Report for the enure RFETS (EG&G 1991c) was prepared based on a comprehensive 

literature search and descnbes previously obtamed core samples reprocesses previously obtamed seismc 

data and analyzes select samples for gram size dismbuuon A summary of the results of this study as they 

pertam to OU 2 is presented m the following secuons 

A 6 1 REGIONAL SETTING 

The current structural settmg of the central Rocb Mountam region is domnated by the subsidence of large 
basins and the nse of extensive uplifts such as the Denver Basin and Front Range For at least the second 
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ume the Front Range area has nsen from below sea level to several thousand feet above sea level This 
tectonic event occurred d u n g  the Laramide Orogeny approximately 70 to 65 mllion years ago 

Concurrently the adjacent Denver Basin began and contrnued to subside to its current structural relief of at 

least 16 000 feet measured from the basin bottom onto the flank of the Front Range a &stance of only a few 

mles 

The Lararme Formatron is the youngest pre Lararmde Orogeny se&ment package It is mterpreted as a coastal 

plan deposit and records sedimentauon pnor to the uplift of the Front Range and subsidence of the Denver 

Basin The Laramie Formauon consists of alternaung vellowish gray sandstones vancolored kaoliniuc 

claystones and siltstones with subbiturnnous coal beds in the upper part Lararmde sedments which lie 

above the L a r m e  Formauon comprise the Arapahoe and Denver Formauons The Arapahoe Formation 

exposed along the Front Range west of Denver consists of a lower cross bedded conglomerauc sandstone 

sequence and an upper sequence of dark gray claystones and mudstones with thm layers of siltstone and 

sandstone The lower conglomerauc sandstone sequence is not ubiqwtous and is generally not present at the 

RFETS The Arapahoe Formauon lies unconformably upon the Lararme Formatron and is thought to have 

been deposited in braided stream and channel margtn environments 

Structurally the RFETS is located on the western flank of the Denver Basin approximately 4 rmles east of 

steeply dippmg strata on the eastern flank of the Front Range West of the RFETS older sedimentary 

formations and the Laranue Formauon claystones dip approximately 50 degrees to the east Beneath the 

RFETS bedrock flattens to a &p of approxtmately 3 degrees 

The RFETS is located on a broad undulaung eastward slopmg pediment surface along the western edge of the 

Denver Basin Geologic units beneath the RFETS consist of unconsolidated surfcial mts mcludrng the 

Rocky Flats Alluvium younger terrace alluvium (Verdos Slocum and Louviers Alluvia) valley fill alluvium 

and colluvium (Figure A 11) These unconsolidated surficial deposits are unconformably underlam by 

approximately 10 OOO feet of Pennsylvanian to Late Cretaceous sedimentary rocks that have been locally 

folded and faulted as shown rn Figure A 12 Figure A 13 presents a generalized straugraphc secuon of the 

Denver Bastn bedrock formatrons Figure A 14 shows a straugraphc secuon of the RFETS 
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A 6 2 OPERABLE UNIT 2 AREA GEOLOGY 

Surficial Geology 

Surficial geologic wts within OU 2 consist of alluvial hillslope and man made deposits Alluvial deposits 

mclude the Pleistocene aged Rocky Flats Alluvium younger terrace alluwa and vanous Holocene aged 

valley fill alluvia Hillslope deposits consist of Holocene aged colluvium and landslide slumps Man made 

deposits are aruficial fills debns dumps and areas of disturbed surficial soil A bnef summary of the sdicial 

deposits is presented below 

The Rocky Flats Alluvium is the topographically highest and oldest alluvial deposit at RFETS The Rocky 

Flats Alluvium within OU 2 caps the pediment surface between South Walnut and Woman Creeks The 

pediment is completely truncated to the north east, and south by these modern dramages The Rocky Flats 

Alluwum w i h n  the OU 2 area consists predommantly of beds and lenses of poorly to moderately sorted 

gravels and sands A few lenses of clay and silt also occur 

Rllside deposits w i h n  the OU 2 area mclude several alluvial terrace deposits valley fill alluvium colluvium 

and landslide slumps Slump features belong to two categones 1) areas along the hillsides which exhibit 

evidence of mass movement of surfcial soil and possibly bedrock materials along relmvely disunct ruptures 

or glide surfaces and 2) areas of hummocky topography reflecung downslope creep of surficial soils but no 

observable rupture surface 

Man made deposits within the OU 2 area have been idenufied usmg rnformauon from hstoncal reports atr 

photography and geologic field mapping Three general categones of man made deposits have been 

identified soil and debns dumps disturbed ground and artlficial fill 

Bedrock Geology 

Bedrock geologic units within the OU 2 area consist of claystones siltstones and sandstones The No 1 

Sandstone is considered the basal part of the Arapahoe Formauon All lower bedrock units are considered to 

be a part of the upper Laranue Formauon (DOE 1993) 
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Subsurrace investigations have shown that the Arapahoe Formation Yo 1 Sandstone (Vo 1 Sandstone) is a 

distmct bedrock unit separate in geologic characteristics from the underlymg Larame Formatlon Vost of the 

No 1 Sandstones are predonunantly fine to medium Zruned and represent deposition m low to moderate rloH 

regimes The Yo 1 Sandstone is the suaugraphcallv highest sandstone encountered w i h n  the OL' 2 area It 

is straugraphicallv located from 0 to 20 feet below the overlying surficial deposits The sandstone directlv 

underlies the RoLkv Flats 4lluvium along a medial paleoscour beneath OL' 2 Pnor to deposiuoii o f  the R o c k  

Flats Alluvium erosion of the claystone/siltsone matenal in this area created the paleoscour The resultine 

subcrop area beneath the Rocky Flats Alluvium is an important feature in that it allows vertical groundwater 

flow to the 'vo 1 Sandstone from the overlying alluvial u t s  

The L a r m e  Formation is a fresh to braclush water non manne deposit Lithologic loggmg of the upper 

L a r m e  Formation suggests that in this area it is largely composed of claystone with lenses o f  fine gramed 

sandstone The most common upper Lararme Formation lithologies encountered in boreholes w i h n  the OC 2 

area are claystones and silty claystones The upper Lararme Formation sandstone or siltstone interbeds are 

approximately 10 feet thlck except where interbeds are stacked on top of each other Where sandstone 

interbeds are stacked a thicker sandstone sequence results The sandstone interbeds are commonly separated 

by rlun siltstone or claystone layers 

A 7 REGIONAL AND LOCAL HYDROGEOLOGY 

This section descnbes the hydrogeology o f  the RFETS and specifically the OU 2 study area includmg the 

unconfined and confined ground water systems present at the RFETS Unconfined ground water flow occurs 

in unconsolidated geologic matenals (Rocky Flats alluvium valley fill alluvium and colluvium) and in 

subcropping bedrock (Arapahoe Formauon) sandstones Since unconfined flow occurs in more than one 

stratigraphic UIUC the term Upper Hydrosuaugraphic Umt (Upper HSU) is used to reference strata in wtuch 

unconfined flow occurs The Upper HSU also includes some saturated subcropping claystones that are 

weathered and fractured Ground water flow in the lower (Larme Fonnauon) sandstone units and in 

saturated zones of deeper (Laramie Formauon) claystones with sufficient hydraulic conducuvity occurs under 

confined condmons ' h s  deeper confined aquifer system is referred to as the Lower Hydrosuaugraphic 

Unit (Lower HSU) to avoid confusion with the upper unconfined unit. 
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A 7 1 REGIONAL SETTlNG 

The RFETS is sltuated 111 a regional ground water recharge aCea Regionally ground water flows from west to 

east in the Cpper HSU and along the Arapahoe Formation alluvium contact where the subcropping 4rapahoe 

Formauon consists of claystones with local flow direcuon variations along dramages and bedrock topographic 

hlghs Arapahoe Formation claystones have a low hydraulic conductivity (K) on the order of  10 c d s e c  

(approximately 0 1 feet per vear (ft/yr)) effectively constrnnmg much of the surficial recharge flow to the 

L'pper HSU (see Parts I1 & 111) Surficial recharge flow is further confined to the Upper HSU by the low K 
exhibited by upper L a r m e  Formatlon claystones which underlie the Arapahoe Formauon sandstones of  the 

Upper HSU 

The Upper HSU is charactenzed by rapid changes in water table elevatlon in response to short term 

precipitatlon events This is evident from the water level measurements taken from the ground water 

momtormg wells before and after precipitauon events Water levels in the Upper HSU are generally highest in 

spnng and early summer and lowest durmg the winter months In the western part o f  the RFETS where the 

thickness of the surfcial material is greatest the depth to the water table (top of Upper HSU) is about 50 to 70 

feet bgs Although the water table depth is variable it becomes shallower from west to east as the sudicial 

material h n s  Seeps are common in the stream dramages at the base of the Rocky Flats Alluvium or where 

Arapahoe Formauon sandstones are exposed 

The lower sandstone unit of the Lararme Formauon and the underlying Fox H11ls Sandstone compnse an 
imponant aquifer in the Denver Basm known as the Laranue/Fox Hills aqufer referred to herein as the Lower 

HSU The thxkness of the aqufer near the center of the Denver Basln ranges from 200 to 300 feet These 

formations outcrop west of the RFETS along the Front Range and dip between 45 and 50 degrees to the east 

The dip of  these formauons decreases to less than 2 degrees beneath the central part of  the RFETS Ground 

water recharge to the Lower HSU occurs as precipitauon and runoff lnfitrate!~ bedrock at the steeply dipping 

and eroded ends of the strata along the western limb of the monoclmal fold 

A 7 2 OPERABLE UNIT 2 AREA HYDROGEOLOGY 

Withrn OU 2 the UHSU is compnsed of vanably and seasonally saturated parts of the unconsolidated surficial 

deposits the No 1 Sandstone that is in hydraulic connecuon with the saturated surfrcial matenals and 

weathered claystones of  the Arapahoe andor Lacarme Formations Lararme Formatlon sandstones that 

subcrop beneath the Yo 1 Sandstone or saturated slnfcial soils also are considered part of the UHSU The 
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unconsolidated surficial deposits consist of the Rockv Flats Alluvium colluvium valley fill alluvium and 

disturbed ground Groundwater is present m the LXSV under unconfined conditions except where parts of  the 

Vo 1 Sandstone are overlam by claystone which results in both confined and unconfined conditions w i a n  

the sandstone Figure 4 15 presents a schemauc cross section of the site hvdrostraugraphv 

The LWSC is located over the relativelv flat divide of South Walnut Creek and Woman Creek znd IS truncated 

to the north east and south along these drmages The thichess and geomeuv of the LTHSU geologic units 

are controlled by bedrock paleotopography specifically the north and south paleondges that generally trend 

east northeast the medial paleoscour that lies between the two paleondges other bedrock paleotopographic 

lows and steps that exist on the weathered bedrock paleotopographic surface and deposibonal channels of the 

sandstones included in the UHSU A bedrock paleotopographc map is provtded in Figure A 16 

Groundwater flow withm the UHSU 1s complex because of variauons in groundwater flow directions 

interactions between geologic mts and vanations in degree of saturation and saturated thickness 

Groundwater flow withtn the UHSU is strongly influenced by the bedrock paleotopography and the geomeuy 

and hydraulic charactenstics of the unconsolidated deposits compnsing the UHSU Groundwater w i b n  the 

LTHSU generally is found withm the area descnbed as the medial paleoscour (Figure A 16) and generally flows 

towards the northeast In the area of Trench 2 immediately south of the drum storage site groundwater 

locally flows to the south durlng high water table condiuons 

The areal extent and saturated thickness o f  the UHSU withm the medal paleoscour vary seasonally The north 

and south paleondges resmct groundwater outflow from the alluvium to the north and south The medial 

paleoscour is erosionally truncated along the north facing hillslope o f  South Walnut Creek UHSU 
groundwater discharges from the No 1 Sandstone as seeps from this area. 

Groundwater recharge to the UHSU withm OU 2 occurs as direct lnfiltrauon of precipitauon and by lateral 

and downward seepage from surface water features such as ditches Recharge to the hJo 1 Sandstone probablv 

occurs from d t r a u o n  o f  precipitauon and surface water through the overlytng unsaturated surficial deposits 

vertical groundwater flow from the overlying saturated surficial deposits and lnflow from the saturated 

sandstone units upgradmt (west) of OU 2 
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A 8  ECOLOGY 

The followlng secuons descnbe vegetauon aquatic life wildlife threatened or endangered species and 

sensiuL e envuonments at the RFETS and specificallv OU 2 

A 8 1 ROCKY FLATS ENVIRONMENTAL TECHNOLOGY SITE ECOLOGY 

A vanetv o f  plant life is found at the RFETS The predommant vegetauon found on the western portion o f  the 

site is disturbed mixed prame a mxtuce of both short and mid length grasses The eastern poruon of the 

RFETS is generally highly &sturbed from overgrazmg and short grasses are dormnant Common grasses 

include smooth brome (Bromus inemis) crested wheatgrass (Agropvron cnsfatum) mountam muhly 

(Muhlenbergia monranaj and western wheatgrass (Agropvron smirhii) Sedges (Carex nebruskensis) and 

rushes (Juncus arcticus) are found in stream floodplans and wet valley bottoms Cottonwoods (Populus 

sargenrii) baltic rush (Juncus balricus) and cattads (Trpha larrfoba) line many npanan areas Other species 

include salsify (Tragopogon dubius) kochia (Kochia scopana and Irmca) whte sweet clover (Melilorus 

alba) Canada thistle (Cirsium umensei and spike rush Smce acquisitron o f  the buffer zone property 

vegetauve recovery has occurred as evidenced by the presence of &sturbance sensiuve species such as big 

bluestem (Andropogon gerardii) and side oats pama (Boureloua cunipendula) Figure A 17 illustrates the 

location of upland habitats at the RFETS 

Aquatic ecosvstems present w i h n  the RFETS include peremal and intemttent streams and human made 
ditches canals ponds and reservous The pnncipal components of the aquauc ecosystems are the penphyton 

photoplankton benthic macroinvertebrates amplubians and fEh The types of aquauc communiues and 

diversity o f  species in each o f  these components are dependent on the type o f  substrate water charactensucs 

(such as depth and flow regime water quahty and creek or pond molphology) water management practices 

and season Fish species are mostly absent m the mtemttent streams but are abundant m the larger ponds 

and reservous (DOE 1992d) 

Animal populauons w i t h  the RFETS are representauve o f  species typical of western prame regrons A 

cham link fence surroundmg the mdusmal area effecuvely limts the habitat of the most common large 

mammal the mule deer (Odocorleus hemionus) to the buffer zone There are a number of small carmvores 

w i h n  the buffer zone such as the coyote (Canis lanuns) red fox (Vulpes vu lps )  smped skunk (Mephiris 

rnephins) long mled weasel (Musrelafienara) and the feral cat. Small herbivores are common throughout 

the RFETS complex and buffer zone mcludmg the pocket gopher (Thomornys sp ) whte taded Jackrabbit 
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